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PROBLEM 


Interpret  results  of  a  nearshore  geophysical  and  geological  survey  of  the  area  off 
San  Clemente  Island,  Calif.,  as  part  of  the  Rocksite  Project. 


RESULTS 


Bathymetry  of  the  island  block  is  shown  to  differ  from  that  of  published  charts. 
Extensive  offshore  faulting  relates  partially  to  that  which  occurs  on  the  island.  Dif¬ 
ferentiation  of  a  major  pre-orogenic  surface  from  the  post-orogenic  sedimentation  is 
established.  A  steep  magnetic  gradient  off  the  east  side  is  considered  the  consequence 
of  (1)  volcanic  flow,  (2)  a  possible  deep  basic  mass  related  to  a  large  positive  anomaly 
off  the  northwest  side  of  the  island,  and  (3)  major  faulting.  Anomalous  magnetic 
trends  also  reflect  some  of  the  major  structural  and  outcrop  trends.  Earthquake 
epicenter  analyses  suggest  less  seismic  activity  than  the  adjacent  land  area,  a  tend¬ 
ency  to  quiescence  at  present,  and  an  association  of  recent  fault  activity  with  recent 
epicenters.  The  post-orogenic  sediments,  believed  to  have  followed  major  transpor¬ 
tation  channels  from  the  island  block  by  means  of  turbidity  currents,  sand  flows,  and 
slides,  have  been  deposited  in  basin  lows  developed  by  faulting  and  folding. 


RECOMMENDATIONS 


The  most  favorable  area  for  tunneling  appears  to  lie  between  Mail  and  China 
Points,  at  least  in  a  generally  seaward  direction  paralleling  the  major  faults.  How¬ 
ever,  faulting  will  still  be  a  problem.  The  eastern  side  of  the  island  appears  dangerous. 
The  southern  end  and  northwest  side  offer  some  possibilities,  but  certain  areas  should 
be  avoided  entirely  and  highly  detailed  tests  and  investigations  should  be  completed 
before  any  tunneling  operation  is  attempted  in  any  area  of  the  island. 
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INTRODUCTION 


San  Clemente  Island  (Fig.  1  and  2)  was  selected  early  in  1966  for  consideration  as  a  pos¬ 
sible  site  for  a  permanent,  manned,  under-the-sea-floor  installation  with  direct  ocean  access 
for  marine  environment  studies  (Project  Rocksite).  However,  an  almost  complete  lack  of 
knowledge  concerning  the  offshore  geology  of  the  area  necessitated  extensive  marine  geo¬ 
logical  and  geophysical  surveys. 

These  surveys  revealed  that  the  general  bathymetry  differs  from  that  which  is  presently 
encountered  on  published  charts  of  the  area  (Fig.3).  Extensive  offshore  faulting  was  de¬ 
termined  to  be  partially  related  to  faulting  that  occurs  on  the  island.  Five  rock  and  sedi¬ 
ment  units  were  acoustically  determined  and  delineated,  and  two  are  recommended  as 
favorable  for  tunneling.  Earthquake  epicenter  analyses  suggest  less  seismic  activity  than  on 
the  adjacent  land  area,  a  tendency  to  quiescence  at  present,  and  an  association  of  recent 
fault  activity  with  nearby  epicenters. 

The  eastern  side  of  the  island  was  determined  to  be  unfavorable  for  tunneling  because  of 
the  considerable  faulting,  slumps,  and  slides  that  are  known  to  be  present. 


FIG.  1.  Index  Map  of  San  Clemente  Island. 


FIG.  2a.  Aerial  Photograph  of  San  Clemente  Island  Looking  Southwest. 
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3.  Ship’s  Tracks  for  Acoustic-Reflection  Profile  Surveys,  July  and  August  1966. 

Sl 


In  fact,  faulting  can  hardly  be  avoided  in  any  attempt  to  tunnel  into  the  studied  area. 
However,  major  volcanic  rock  outcrops  seaward  of  the  submerged  terrace  along  the  west 
side  of  the  island  are  recommended  as  possible  areas  for  tunneling.  In  addition,  some  thick 
sections  of  the  Miocene  (Unit  C)  sedimentary  rocks  in  this  area  might  provide  a  safe  tun¬ 
neling  medium.  Highly  detailed  offshore  seismic  profiling,  visual  studies,  and  test-core 
holes  to  ascertain  rock  structures  are  recommended  before  a  selection  of  any  tunnel-site 
area  is  made. 


PREVIOUS  INVESTIGATIONS 

The  geology  of  San  Clemente  Island  is  known  mainly  from  reconnaissance  studies. 

Smith  (Ref.  1 )  describes  the  general  geologic  features  in  considerable  detail.  Olmsted 
(Ref.  2)  refines  the  areal  geology  of  Smith  and  furnishes  additional  data  on  the  age  and 
lithology  of  the  rocks  and  deposits  described  in  Ref.  1.  Mitchell  and  Lipps  (Ref.  3)  report 
on  vertebrate  fossil  collecting  and  the  general  depositional  environment  of  the  sedimentary 
rocks  scattered  over  the  island.  Merifield  and  Lamar  (Ref.  4)  made  a  detailed  structural 
survey  of  two  areas,  each  of  about  6  square  kilometers,  around  Eel  and  Lost  Points.  The 
author  of  this  report  has  made  a  general  foot  reconnaissance  of  parts  of  the  island  to  fur¬ 
ther  ascertain  structural  relationships. 

In  1964,  offshore  structural  and  sedimentation  information  was  taken  by  means  of  con¬ 
tinuous  seismic  profiles  made  by  personnel  of  the  U.  S.  Naval  Ordnance  Test  Station  (now 
Naval  Weapons  Center),  China  Lake,  Calif.,  aboard  the  U.  S.  N.  S.  Gear  (Fig.  4).  Depth  and 
thickness  data,  as  interpreted  from  the  seismic-profile  survey,  are  listed  in  Appendix  A. 

In  1966,  both  reconnaissance  and  detailed  surveys  of  the  offshore  areas  surrounding  the 
island  were  made  aboard  two  smaller  vessels.  The  principal  objective  of  the  reconnaissance 
survey  was  to  delineate  the  general  seafloor  topography,  subseafloor  structures,  and  rock 
types  that  would  influence  site  selection.  The  detailed  survey  provided  offshore  geologic 
information  for  potential  sites  at  Eel  and  Lost  Points.  The  nature  and  structure  of  the 
shallow  rock  units  were  also  resolved  by  the  detailed  survey. 

General  bathymetric  data  for  the  nearshore  area  around  the  island  are  available  from 
U.  S.  Coast  and  Geodetic  Survey  soundings,  as  well  as  from  the  publications  of  Shepard  and 
Emery  (Ref.  5),  Emery  (Ref.  6),  and  Gaal  (Ref.  7). 


TIDES  AND  CURRENTS 

Little  information  is  available  on  current  velocities  in  the  immediate  vicinity  of  San 
Clemente  Island.  In  1959,  current  measurements  were  made  near  Wilson  Cove  at  depths 
of  36  and  72  feet  by  Marine  Advisers  of  La  Jolla,  Calif.  Considerable  daily  variations  of 
current  azimuth  and  magnitude  were  encountered  during  the  measuring  period,  which  ran 
from  January  through  August.  Velocities  ranged  from  less  than  0.1  to  1.5  ft/sec.  It  is 
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FIG.  4.  Ship’s  Tracks  of  1964  U.  S.  N.  S.  Gear  Continuous  Seismic  Profile  Exercise  in  Area  of  Interest. 

probable  that  considerable  eddying  occurs  in  this  area,  as  a  result  of  boundary  conditions 
along  the  island.  In  a  more  recent  survey,  current  measurements  in  the  same  general  area 
ranged  from  zero  to  about  1.5  knots,  with  rotary  direction  vectors  (Ref.  8).  Tidal  forces 
are  believed  to  exert  an  influence  over  the  entire  regime  to  the  greatest  depth  measured 
(1,829  meters). 


TEMPERATURE,  SOUND  VELOCITY,  AND  SALINITY 

Nine  stations  around  San  Clemente  Island  were  established  in  November  1964,  during  a 
cruise  of  the  U.  S.  N.  S.  Davis  (AGOR-5),  for  the  continuous  recording  of  sound  velocity, 
temperature,  and  pressure  data.  Three  stations  are  located  immediately  off  the  northeast 
side  of  the  island;  a  fourth  lies  off  the  central  southwest  side  (Fig.  5).  These  stations  were 
used  for  velocity-depth  corrections  for  the  reconnaissance  survey  profile  (Appendix  B). 
Along  the  northeast  side,  the  ocean  temperature  ranges  from  about  18°C  at  the  surface  to 
a  minimum  of  between  4  and  5°C  at  depths  greater  than  800  meters.  The  gradient  is 
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FIG.  5.  SVPT  Stations  Around  San  Clemente  Island. 


rapid  to  approximately  70  meters,  which  represents  the  main  thermocline.  Below  this 
depth,  the  gradient  is  gradual  and  broadens.  Data  from  the  station  off  the  southwest  side 
indicate  that  a  slightly  shallower  thermocline  is  present.  However,  the  general  gradient  is 
very  similar  to  those  of  the  east  side.  Off  the  southeast  end,  and  along  the  San  Clemente 
rift  valley  and  basin  (Ref.  5),  temperatures  range  from  18°C  at  the  surface  to  slightly  less 
than  2°C  at  depths  below  1,500  meters.  The  mean  surface  water  temperature  around  San 
Clemente  Island  ranges  from  14.4°C  during  the  winter  to  18.3°C  in  the  summer  (Ref.  9). 
The  more  recent  survey  off  Wilson  Cove  (Ref.  8)  yielded  temperature  values  ranging  from 
18.5°C  at  the  surface  to  2.85°C  at  a  depth  of  1,483  meters. 

Few  salinity  data  are  available  for  the  immediate  area  of  study.  The  average  salinity  for 
the  Santa  Catalina  Basin  is  34.43  0/00  (Ref.  10).  Data  from  one  of  the  stations  of  the 
November  1964  cruise,  taken  off  the  southeast  end  of  the  island,  show  an  average  of 
34.12  0/00  (measured  to  1,855  meters). 
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Sound-velocity  data  from  the  stations  of  the  1964  cruise  (Ref.  7)  show  a  slight  increase 
in  velocity  within  the  first  10  meters  of  depth,  from  northwest  to  southeast  along  the  east 
side  of  the  island.  A  minimum  velocity  zone  lies  roughly  between  600  and  1 ,000  meters  of 
depth.  The  velocity  range  in  this  area  is  from  1,479  to  1,513  meters/second.  The  minimum 
sound-velocity  values  off  Wilson  Cove  occur  between  depths  of  700  and  800  meters  (Ref.  8) 


BATHYMETRY 

The  dominant  topographic  and  bathymetric  trend  in  the  Continental  Borderland  is 
northwest-southeast;  bathymetrically,  there  is  a  semblance  of  an  equally  important  east-west 
trend  [Shepard  and  Emery  (Ref.  5);  Emery  (Ref.  6);  Gaal  (Ref.  7);  Krause  (Ref.  10); 
Moore  (Ref.  11)].  The  San  Clemente  Island  block  generally  follows  the  strong  northwest- 
southeast  bathymetric  trend,  but  also  demonstrates  a  subtle  northeast-southwest  bathy¬ 
metric  trend  across  the  central  part  of  the  island  block.  The  bottom  waters  surrounding 
San  Clemente  Island  can  be  divided  into  three  distinct  regions: 

1  •  Western.  This  region  is  characterized  by  a  relatively  wide  shelf.  The  100-meter  con¬ 
tour  is  located  between  2  and  4  kilometers  from  shore.  Depths  in  excess  of  500  me¬ 
ters  are  found  beyond  6  kilometers  from  shore. 

2.  Eastern.  The  eastern  region  is  fronted  by  a  steep  submarine  slope.  Depths  in  excess 
of  1,200  meters  are  found  within  4  kilometers  from  shore. 

3.  Southern.  An  area  with  depths  in  excess  of  1 ,800  meters  is  present  within  25  kilo¬ 
meters  of  the  southeast  end  of  the  island. 

The  proximity  of  deep  water  emphasizes  the  relief  of  this  island  block  above  the  surround¬ 
ing  basins. 

Gaal  (Ref.  7)  roughly  outlined  the  physiographic  provinces  of  the  Santa  Catalina  Basin. 
The  San  Clemente  Island  block  and  ridge  form  the  southwest  border  of  the  basin.  In  this 
report,  a  classification  of  the  bathymetric  regions  adjacent  to  the  island  is  compiled  from 
three  distinct  geomorphic  areas.  These  areas  (Fig.  6)  are  based  on  the  following: 

1 .  Irregular  topography  generally  representing  the  San  Clemente  Slope  of  Gaal  but 
divided  by  a  shallow  marine  shelf 

2.  A  prominent  marine  shelf,  averaging  slightly  more  than  100  meters  below  sea  level 
and  broader  off  the  west  side  and  ends  of  the  island 

3.  The  ridge-trough  area,  mostly  equivalent  to  the  San  Clemente  apron  and  south 
Catalina  Basin  Plain  of  Ref.  7,  including  perched  troughs  within  the  slope  province 

The  Emery  Seaknoll  and  Southern  Plateau  are  placed  within  the  irregular  topography  area, 
as  are  smaller  high  areas  within  the  ridge-trough  area.  The  term  “apron”  may  be  fitting 
for  certain  areas,  since  gentle  sloping  and  fanning  of  some  Pleistocene(?)-Recent  sediments 
is  evident  in  some  of  the  seismic  profiles  around  the  island. 

Figure  7  is  presented  for  comparison  with  other  published  bathymetric  charts  (for  ex¬ 
ample,  the  Coast  &  Geodetic  Survey  Charts  5111  and  1206N-15). 


7 


PROMINENT  FEATURES  AND  TRENDS 


Several  prominent  submarine  geomorphic  features  are  distinguished  in  the  area  of  study. 
Of  primary  importance  is  the  San  Clemente  Escarpment  along  the  east  side  of  the  island 
block.  At  sea  level,  the  island  equivalent  of  the  escarpment  levels  out  to  form  a  1/2-  to  3/4- 
kilometer-wide  shelf  at  an  approxiriiate  depth  of  100  meters. 

From  the  seaward  end  of  the  shelf,  the  seafloor  slopes  steeply  to  a  depth  slightly  more 
than  1,000  meters.  Reconnaissance  Profile  4  (Fig.  8)  is  taken  as  a  representative  example  of 
this  slope  at  the  northern  part  of  the  island;  the  average  slope  at  this  location  is  about  21  de¬ 
grees.  The  average  of  the  seismic  profile  slopes  along  the  east  side  of  the  island  is  1  8  degrees. 
However,  calculations  made  by  the  writer  in  1962,  for  the  slope  immediately  south  of 
Wilson  Cove  and  based  on  sound-velocity,  pressure,  and  temperature  (SVPT)  data,  indicated 
slopes  up  to  27  degrees.  Local  slopes  have  been  measured  as  steep  as  35  degrees  by  deep- 
submersible  vehicle  survey.1  The  entire  slope  is  marked  by  an  average  dip  variance  ranging 
from  12  to  21  degrees  (Fig.  9).  The  general  strike  of  this  major  feature  is  N40°W.  In  a 
broad  sense,  the  escarpment  forms  a  very  linear  feature.  However,  a  slight  northeast  con¬ 
cavity  is  evident  along  the  central  to  northern  end  of  the  island  (Fig.  2). 

At  the  seaward  declivity  of  the  terrace  along  the  western  side  of  the  island,  the  slope 
steepens  sharply  to  about  15  to  17  degrees  and  continues  to  a  depth  of  roughly  500  meters, 
at  which  it  assumes  a  more  moderate  incline  of  4  to  5  degrees.  Bathymetric  data  from 
around  the  island  indicate  that  numerous  gullies  cut  into  the  seaward  slope  off  the  terrace 
and  sometimes  into  the  terrace  proper. 

A  less  outstanding  yet  important  bathymetric  feature  of  the  western  slope  area  is  a  vol¬ 
canic  high  approximately  7  km  southwest  of  Lost  Point.  This  feature  is  revealed  in 
U.S.C.&G.S.  Chart  5111  as  two  separate  highs  aligned  approximately  N70°W.  This  align¬ 
ment  is  maintained  in  Fig.  7,  but  is  interpreted  as  a  single,  elongated  high. 

For  roughly  the  same  distance  offshore,  there  is  a  general  tendency  for  shoaling  of  the 
island  block’s  slope  region  southeastward  along  the  western  side  of  the  island.  This  change 
is  sharply  defined  across  the  area  to  the  northwest  of  Eel  Point,  which  is  also  more  uniform 
in  slope  than  the  area  to  the  south.  Major  re-entrants,  protuberances,  and  depressions  are 
also  more  prominent  to  the  south  of  Eel  Point. 

Shoreward,  the  major  submarine  terrace  is  terminated  by  a  steeper  and  more  irregular 
surface  related  to  the  volcanic  topography  on  the  island.  Marked  differences  (from  previous 
charts)  are  also  obvious  for  the  basin  areas  off  the  slope.  On  the  east  side  of  the  island  block, 
the  slope  grades  abruptly  into  a  submarine  ridge-trough  zone  composed  of  discontinuous 
linear  segments  of  crustal  blocks.  The  basin— trough  zone  is  a  second  major  feature;  its  sur¬ 
face  reflects  distinctive  geometric  patterns  of  highs  and  depressions  (Fig.  7)  developed  by 
faulting  and  folding  of  crustal  rocks.  The  alignment  of  these  patterns  is  often  apparent  by 


1  Personal  communication  from  R.  E.  von  Huene,  U.  S.  Geological  Survey,  Menlo  Park,  Calif.  (1967). 
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FIG.  6.  Physiography  of  San  Clemente  Island  Block  Region. 


FIG.  7.  Bathymetry  of  San  Clemente  Island  Region  Based  on  Reconnaissance  Seism 
is  taken  from  U.  S.  Coast  and  Geodetic  Survey  Chart  5111. 


ente  Island  Region  Based  on  Reconnaissance  Seismic  Profile  Data.  Much  of  near-shore  control  for  this  figure 
Klctic  Survey  Chart  5111. 
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(a)  Profile  4,  Showing  Seafloor  and  Escarpment  Slope  Repre¬ 
sentative  of  the  Escarpment  Off  the  Northern  End  of  the 
Island  (1);  Basic  Seafloor  in  the  Area  (2);  and  Basin  Sedi¬ 
ments  Characteristic  of  the  Fill  Surrounding  the  San 
Clemente  Island  Block.  Unit  D  is  volcanic  rock  (3). 
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(b)  Profile  5,  Showing  Trough  Sediment  Fill  With  Downward 
Convexity  in  the  Sub-Bottom  Reflectors  (1);  Zones  of 
Overlapping  Reflectors  at  Contact  Between  Sediment  Fill 
and  Walls  of  Trough  (2);  and  Seafloor  and  Escarpment 
Slope  (3). 
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FIG.  8.  Reconnaissance  Profiles. 
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PROFILES 


FIG.  9.  Variation  of  San  Clemente  Escarpment  Slope.  Measurements  based  on  slope-corrected 
average  of  each  seismic-profile  slope. 


the  appropriate  positioning  of  the  seismic  profiles  of  the  area.  The  linear  bathymetric  trends 
of  this  zone  are  mostly  aligned  in  either  a  northerly  or  a  northwesterly  direction.  These 
trends  are  more  striking  along  the  northeastern  edge  of  the  surveyed  area,  where  the  geo¬ 
metric  pattern  of  highs  and  depressions  is  pronounced  in  the  vicinity  of  the  Emery  Seaknoll 
and  the  Southern  Plateau  (Fig.  6).  The  topography  that  lies  generally  between  the  island 
and  the  Emery  Seaknoll,  and  along  the  ridge-trough  area,  tends  to  slope  downward  in  a 
northwest  and  southeast  direction. 

The  western  outline  of  the  Emery  Seaknoll  appears  more  irregular  than  shown  hereto¬ 
fore  on  bathymetric  maps.  Gaal  (Ref.  7)  describes  this  sea-basin  high  as  sub-rounded, 
conical,  and  with  relatively  steep  slopes,  all  of  which  suggest  a  volcanic  structure.  However, 
Gaal  does  report  that  the  southwestern  slope  suggests  a  breached  or  faulted  portion  of  the 
structure  because  of  its  more  irregular  topography.  A  fan-shaped  configuration  of  three 
ridges  is  apparent  to  the  southeast  of  Pyramid  Head,  at  the  edge  of  the  mapped  area.  A 
trough,  bordering  the  southwest  side  of  the  westernmost  ridge,  is  the  only  linear  depression 
of  the  ridge-trough  zone  that  lacks  a  flat  bottom.  According  to  profile  records,  this  trough 
appears  to  be  relatively  devoid  of  sedimentary  fill. 

A  third  major  feature  is  the  offshore  shelf,  which  broadens  around  the  ends  of  the  island 
and  is  prominent  along  the  southwest  side.  It  is  similar  to  the  elevated  benches  cut  into  the 
southwest  flank  of  the  island.  The  terrace  is  generally  smooth,  is  nearly  flat,  and  averages 
a  nearly  1 -degree  slope.  The  terrace  ranges  from  about  0.2  to  2.0  nautical  miles  in  width 
along  the  western  side  of  the  island,  with  an  average  width  of  nearly  1  nautical  mile. 

The  alignment  of  the  Emery  Seaknoll  with  the  more  shallow  central  part  of  the  ridge- 
trough  zone,  the  shoaling  of  the  southwestern  slope  area,  the  inferred  upward  bowing  of 
the  island  (Olmsted,  Ref.  2),  and  the  bathymetric  high  southwest  of  Lost  Point,  are  all  re¬ 
lated  to  an  east-west  regional  bathymetric  trend.  However,  the  secondary  trend  of  the  study 
area  is  northeast-southwest. 
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The  re-entrant  caused  by  Eel  Ridge  Canyon  on  the  west  side  of  the  island  forms  a  com¬ 
plete  break  in  the  shelf;  the  canyon  and  shelf  break  are  considered  important  features  of 
the  island  block’s  structural  genesis  (see  Part  1). 


GENESIS  OF  BATHYMETRIC  FEATURES 

Bathymetric  features,  especially  those  of  the  deep  seafloor,  are  presumed  to  be  relatively 
little  modified  by  weathering  and  erosion,  compared  with  those  on  land.  As  a  consequence, 
bathymetric  features  may  be  considered  reasonably  reliable  representations  of  tectonic 
structure.  Such  features  are  most  commonly  modified  by  rock  and  sediment  mass  move¬ 
ment  and  sedimentation.  Thus  the  configurations  of  what  are  considered  fault-controlled 
features,  such  as  ridges,  troughs  (grabens),  crustal  blocks,  and  folding,  are  interpreted  as 
essentially  linear  and  sharply  defined  features.  These  considerations  have  strongly  in¬ 
fluenced  the  interpretation  of  Fig.  7. 

Profile  interpretation  indicates  that  faulting  is  the  major  factor  controlling  the  bathy¬ 
metry  in  the  area  of  study.  Many  of  the  elevations  and  depressions  appear  to  be  offsets  of 
formerly  more  extensive  linear  features,  a  phenomenon  that  becomes  more  apparent  when 
the  structure  and  sedimentation  trends  along  this  zone  are  studied.  These  structural- 
morphological  features  are  a  consequence  of  depression-sediment  fills  and  ridges  formed  by 
faulted  and  folded  crustal  blocks. 

The  dissection  of  the  southwestern  slope  area  is  seemingly  the  consequence  of  both 
faulting  and  erosion.  The  erosional  pattern  appears  to  follow  the  fault  trends,  at  least  par¬ 
tially,  and  may  have  developed  largely  during  the  Late  Pleistocene  lowering  of  the  sea  level. 
Erosional  development  along  the  northeastern  slope  may  have  resulted  largely  from  slump¬ 
ing,  sand  flows,  and  turbidity  currents,  which  have  partly  followed  fault  zones. 

According  to  the  theory  of  Bradley  (Ref.  1 2),  the  major  San  Clemente  Island  terrace 
was  probably  cut  during  slow  submergence  (considered  a  sea  level  rise  in  this  case);  thus  it 
is  probably  a  wave-cut  terrace  of  Late  Pleistocene  age  (Ref.  13,  14,  and  15).  Higher  ter¬ 
races,  representing  sea-level  stands  of  the  recent  transgression  (Ref.  14  through  20),  may  be 
present  along  the  nearshore  submarine  volcanic  outcrop  area.  Emery  (Ref.  6  and  21)  has 
postulated  two  higher  submerged  terraces  for  San  Clemente  Island;  however,  these  are  not 
readily  apparent,  primarily  because  many  of  the  profiles  do  not  reach  close  enough  to  shore. 
Nevertheless,  two  horizontal  sequences  noted  on  a  few  of  the  profiles  may  be  related  to 
higher  sea-level  stands.  These  are  located  at  depths  of  about  28  to  30  meters  and  55  to 
64  meters.  The  lower  level  approximates  the  lower  one  noted  by  Emery  (Ref.  6),  the 
upper  corresponds  to  Curray’s  upper  Holocene  regression  (Ref.  13  and  14),  and  Emery’s  dia¬ 
gram  (Ref.  6,  p.  35)  shows  the  two  upper  terrace  levels  as  being  very  discontinuous.  Data 
from  the  present  study  suggest  that  some  of  the  discontinuous  sections  are  related  to  ob¬ 
lique  faulting,  which  has  elevated  sections  of  the  main  terrace. 
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STRATIGRAPHY 


Certain  geologic  and  geomorphic  features  of  the  San  Clemente  Island  offshore  region  are 
defined  in  Part  1  of  this  report.  These  features  are  used  as  a  basis  for  further  discussion  and 
integration  of  the  broader  geologic  aspects  revealed  by  the  reconnaissance  survey. 

Moore’s  classification  of  the  borderland  stratified  rocks  and  sediments  (Ref.  1 1)  is  used 
in  this  part  of  the  study.  The  strata  are  divided  into  pre-orogenic  and  post-orogenic  units. 
This  division  is  based  on  the  internal  structures  and  their  relationships  to  adjoining  faults 
and  basement  or  volcanic  rock  masses;  the  division  relates  highly  faulted  and  folded  strata 
and  volcanic  rocks,  mainly  of  Miocene  age,  to  that  of  the  subsequent  basin  and  trough  fill. 

In  most  areas,  differentiation  of  post-  and  pre-orogenic  strata  was  not  difficult.  How¬ 
ever,  definition  of  Unit  B  was  only  possible  for  parts  of  the  1966  reconnaissance  survey 
through  the  use  of  special  filtering  on  a  rerun  of  tapes  made  on  that  survey.  The  rerun 
filter  setting  (1 18  to  245  Hz)  resulted  in  better  resolution  on  the  profile  records. 

Unit  A  is  not  defined,  but  is  included  in  the  definition  of  major  fan,  apron,  and  trough 
deposits  referred  to  as  Unit  X.  Unit  B  is  defined  only  for  the  west  side  and  ends  of  the 
island;  this  unit  is  not  detectable  on  the  profile  records  for  the  narrow  shelf  on  the  east 
side.  Furthermore,  a  division  of  Units  C  and  D  on  the  east  side  was  too  difficult  for  defini¬ 
tive  analysis  because  of  the  complex  nature  of  the  structure,  side  echoes,  and  overlap  by 
multiples.  As  a  consequence,  only  post-orogenic  sediments  (Unit  X)  and  the  post-orogenic 
surface  are  used  in  the  study  of  this  area.  Distinction  of  the  post-orogenic  surface  is  shown 
in  line  drawings  of  selected  opposing  profiles  along  the  length  of  the  island  (Fig.  10). 

The  limits  of  profile  resolution,  profile  density,  and  error  for  interval-velocity  correction 
factors  are  the  bases  for  the  isopach  map  intervals  used  for  the  various  geologic  units  in  the 
reconnaissance  survey. 

Figure  1 1  shows  the  geometric  relationship  of  the  lithologic  units  described  in  Part  1. 

Unit  B.  The  acoustic  and  geologic  nature  of  this  unit  is  described  in  Part  1  of  this  report. 
Figure  12  is  a  composite  of  the  detailed  and  reconnaissance  survey  data.  A  difference  in 
the  outlining  of  the  geomorphic  depressions  on  the  post-orogenic  surface  should  be  noted 
between  the  surveys.  Closer  control  in  the  area  outside  of  the  detailed  survey  undoubtedly 
would  reveal  much  more  irregularity  in  the  configuration  of  the  isopach  intervals;  it  is  sus¬ 
pected  that  the  unconformity  is  highly  irregular  over  the  entire  area  studied. 

Some  profiles  along  the  east  side  of  the  island  disclose  a  complete  lack  of  this  unit;  how¬ 
ever,  other  profiles  did  not  reach  the  wave-cut  terrace.  Presumably,  some  small  sections  of 
the  unit  are  present  along  this  side  of  the  island. 

Unit  C.  The  acoustic  properties  of  this  unit  are  described  in  Part  1 .  Figure  13,  a  com¬ 
posite  of  the  detailed  and  the  reconnaissance  survey  data,  shows  seven  major  thick  areas: 
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1.  The  first  and  second  areas,  which  are  located  immediately  southwest  of  West  Cove, 
and  are  the  thickest  (Fig.  14a) 

2.  A  third  area,  which  is  an  elongated  and  almost  rectangular  accumulation  immediately 
to  the  southeast  of  the  first  two 

3.  The  fourth  and  fifth  areas,  off  Mail  and  Lost  Points,  that  trend  northeast-southwest 

4.  The  sixth  and  seventh  areas,  located  off  the  south  end  of  the  island 

The  first  and  second  areas  are  essentially  a  composite  of  one  northwest-trending  part  that 
appears  to  have  been  dissected  by  both  erosion  (Fig.  14b)  and  faulting  with  an  apparent 
offset.  This  composite  part  of  Unit  C  lies  between  two  slightly  exposed  (bathymetric) 
volcanic  highs  and  constitutes  a  major  depression  fill  in  this  area.  The  third  area  represents 
a  dissected  graben  (see  Part  1,  Fig.  37a).  The  fourth  and  fifth  areas  can  also  be  considered 
a  composite  of  one  part  of  the  unit,  which  has  been  dissected  by  erosion  and  faulting  with  a 
possible  offset.  The  configuration  of  the  sixth  and  seventh  areas  strongly  suggests  preserva¬ 
tion  by  faulting,  as  do  the  terrestrial  equivalents  of  Unit  C  in  this  area. 

Figure  13  more  clearly  defines  the  major  exposure  of  volcanic  rock  seaward  of  the  wave- 
cut  terrace  in  the  detailed  survey  area.  In  addition,  the  irregular  configuration  of  this  ex¬ 
posure  more  strongly  illustrates  the  structural  control  described  in  Part  1 . 

There  is  little  more  that  can  be  shown  about  the  lithologic  nature  of  this  unit  beyond 
the  information  provided  by  the  detailed  survey.  Island  field  work,  however,  provides  some 
evidence  for  the  portion  of  Unit  C  off  the  West  Cove  area.  Unit  C  is  preserved  close  to 
shore  in  this  area  (Fig.  13).  Along  the  shore,  and  mixed  with  a  predominance  of  volcanic 
cobbles  and  boulders,  are  cobbles  of  thinly  stratified,  buff  to  greenish-grey  (5GB8/1  to 
5Y-5GY6/1),  finely  crystalline,  dense,  well  indurated  carbonate  rock.  The  rock  has  been 
identified  as  dolomite  by  X-ray  analysis.  This  part  of  Unit  C  may  be  related  to  the  Miocene 
section  at  Wilson  Cove  (Ref.  2),  where  a  shale  unit  contains  a  cementing  material  of  dolo¬ 
mite.2  Apparently,  the  more  resistant  strata  of  Unit  C  are  carbonate  or  well  indurated 
carbonate-cemented  clastic  rocks;  these  are  presumably  of  minor  importance  in  the  unit 
because  of  the  paucity  of  outcrops  observed  along  the  wave-cut  terrace  and  in  the  scattered 
erosional  remnants  along  the  shore. 

Profile  interpretation  suggests  that  blocks  and  ridges  of  Unit  C  are  preserved  along  the 
entire  San  Clemente  fault  zone;  these  are  shown  as  exposed  upthrown  as  well  as  buried 
crustal  blocks  that  are  presumed  to  be  underlain  by  volcanic  rock.  Some  profiles  indicate 
that  the  thickness  of  Unit  C  in  this  zone  corresponds  to  a  sound  velocity  of  roughly  0.6  sec¬ 
ond  one-way  travel  time  (approximately  400  meters). 

Unit  D.  This  unit  is  the  most  widespread  of  all  the  described  units.  As  a  bathymetric 
outcrop,  however,  it  is  exceeded  by  Unit  C  in  the  studied  area.  Bathymetrically,  it  com¬ 
prises  all  of  the  irregular  topographic  area  shoreward  of  the  wave-cut  terrace,  and  most  of 
the  San  Clemente  Escarpment.  The  exposures  at  the  near-shore  area  are  believed  to  be 


2 

Personal  communication  from  J.  C.  Vedder,  U.  S.  Geological  Survey,  Menlo  Park,  Calif. 
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TWO-WAY  TRAVEL  TIME,  SEC 


FIG.  10.  Line  Drawings  Based  on  Selected  Reconnai 
show  position  of  profile  relative  to  Line  A-A,  and  are 
file  relative  to  the  island.  The  heavy  line  denotes  a  pi 


ic-Reflection  Profiles.  Lines  on  map 
>f  actual  length  and  position  of  pro- 
(with  Unit  A  removed). 
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FIG.  11.  Lino  Drawings  of  Profiles  L,  N,  P,  R,  and  T,  Lost-Point  Area.  Key:  (1)  shoreward;  (2)  seafloor; 
(3)  Unit  A;  (4)  Unit  B;  (5)  Unit  C;  (6)  Unit  D;  and  (7)  wave-cut  terrace.  Note  offsets  of  terrace  related  to 
faulting.  In  one  case  (Profile  N),  the  offset  appears  to  be  at  the  contact  of  Units  B  and  C.  (See  Fig.  2  for 
location  of  profiles.) 


o 


0.125 


0.250 


0.375 


0.500 


0.625 


18 


TWO-WAY  TRAVEL  TIME,  SEC 


NORTHWEST  HARBOR  WILSON  COVE 
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FIG.  12.  Isopach  Map  of  Unit  B,  Reconnaissance  Survey.  Irregular  nature  of  contours  off  Eel  < 
of  composite  control  from  detailed  and  reconnaissance  survey  data. 


FIG.  13.  Isopach  Map  of  UnitC. 


FIG.  13.  Isopach  Map  of  UnitC. 


similar  to  those  around  the  island  in  which  depressions  are  filled  to  various  degrees  by  the 
very  coarse  bioclastic  debris  of  Unit  A  (see  Part  1 ).  Ridges  of  this  unit  form  breaks  in  the 
escarpment  that  are  considered  of  fault  origin.  The  ridges  act  as  natural  dams  for  sediment 
transported  downslope. 

The  Emery  Seaknoll  is  interpreted  from  dredge  hauls  as  volcanic  rock  (Ref.  7).  Profile 
interpretation  corroborates  this  interpretation  and  indicates  that  much  of  the  northern 
part  of  the  Southern  Plateau  is  also  volcanic  rock. 

Unit  X.  This  unit  comprises  the  post-orogenic  strata.  Only  the  major  sections  are 
isopached  (Fig.  15),  so  that  the  aerial  configuration  of  these  sediments  might  be  shown.  The 
zero  isopach  line  represents  (as  for  Unit  A  of  Part  1)  the  approximate  pinch-out  of  the  main 
sections  of  the  unit.  Unit  X  actually  extends  beyond  this  line  as  a  thin  veneer  that  mostly 
comprises  hemipelagic  sediment  overlying  bathymetric  highs. 

A  surficial  part  of  Unit  X  corresponds  to  Unit  A  of  the  detailed  survey.  Part  of  the  sub¬ 
jacent  section  undoubtedly  correlates  with  Unit  B,  although  profile  correlation  was  too 
tenuous  to  relate  the  two  units  specifically.  However,  Unit  X  is  subdivided  into  two  and 
possibly  three  significant  unconformities  in  the  basin  areas  off  the  east  side  of  the  island. 
These  subdivisions  are  believed  to  correspond  to  Units  A  and  B  and  a  possible  third  period 
of  deposition  (possibly  Pliocene).  Gaal  (Ref.  7)  reports  two  post-orogenic  sediment  un¬ 
conformities  near  the  margins  of  the  Santa  Catalina  Basin  that  he  believes  are  Pliocene  to 
Recent  in  age.  Moore  (Ref.  1 1)  contends  that  all  of  the  post-orogenic  sediments  are  Pleisto¬ 
cene  or  younger. 

A  maximum  thickness  of  slightly  greater  than  550  meters  is  recorded  in  the  triangular 
basin  pattern  off  the  Wilson  Cove  area.  Most  other  areas  along  the  San  Clemente  fault  zone 
have  thicknesses  of  less  than  300  meters.  Unit  X  outlines  geometric  patterns  that  are  gener¬ 
ally  linear,  abruptly  terminated,  and  often  triangular  to  rectangular  in  shape  (Fig.  7).  Some 
are  also  elongated  and  oval  in  outline.  The  planar  sediments  of  this  unit  are  clearly  outlined 
in  the  perched  troughs  along  the  escarpment.  Much  of  the  upper  part  of  the  elongated  sec¬ 
tion  of  the  shelf  off  Northwest  Harbor,  which  is  interpreted  as  Unit  B  (Fig.  1 2),  could  be 
the  equivalent  to  Unit  X. 

With  a  maximum  thickness  of  100  meters  off  the  west  side  of  the  island,  Unit  X  is  in¬ 
terpreted  here  as  a  combination  of  apron  and  minor  fan  deposits  (Ref.  22).  Isopach  con¬ 
figurations  along  this  side  of  the  island  suggest  trends  of  sediment  trajectories  that  follow 
the  geomorphic  pattern;  for  further  discussion,  see  the  section  entitled  Sediment  Transport 
and  Deposition  below. 
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FIG.  15.  Isopach  Map  of  Unit  X.  Note  outlining  of  apron  and  fan  deposits  off  west  side  of  island,  trough  fil 


S  of  apron  and  fan  deposits  off  west  side  of  island,  trough  fills  and  structural  lining  off  east  side.  c)—' 
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TECTONISM  AND  RELATED  GEOLOGY 


FAULT  EVIDENCE  IN  AREA  OF  STUDY 

Certain  geologic  and  geomorphic  features  of  the  San  Clemente  Island  offshore  region  are 
defined  above  and  are  used  as  a  basis  for  further  discussion  and  integration  of  the  structure 
revealed  by  the  seismic  profile  surveys. 

The  present  study  uses  the  results  of  previous  investigations,  coupled  with  continuous 
seismic  profiling,  as  the  bases  for  structural  interpretations.  Integration  of  internal  struc¬ 
ture  and  topography  is  used  to  differentiate  fault  scarps  from  flanks  of  folded  sedimentary 
structures  (see  Part  1). 

Anomalous  Fault  Trends.  Major  faulting,  which  is  apparent  from  all  offshore  survey 
data,  is  generally  related  to  faulting  on  the  island.  Anomalous  trends  in  the  isopach  inter¬ 
vals  of  the  geologic  units  are  attributed  primarily  to  faulting. 

A  tectonic  map  of  the  San  Clemente  Island  block  region  (Fig.  16)  was  made  with  the 
objective  of  showing  small,  as  well  as  large,  faults  or  probable  faults  to  indicate  stress 
trends.  Ridges,  linear  depressions,  and  anticlinal-synclinal  folds  are  depicted  by  the  same 
symbol;  it  is  often  difficult  to  differentiate  small  features  of  this  type  on  the  profiles  be¬ 
cause  of  the  “velocity  effect.”  Where  faults  could  be  confidently  projected  to  those  identi¬ 
fied  on  the  island,  they  are  tied  together  by  dashed  lines.  Island  faulting  is  mainly  taken 
from  Olmsted  (Ref.  2),  with  modifications  resulting  from  the  work  of  Merifield  and  Lamar 
(Ref.  4)  and  the  author’s  field  and  aerial  photographic  interpretation. 

A  major  fault-strike  trend  to  the  northwest  is  particularly  evident  along  the  east  side  of 
the  island,  and  represents  the  San  Clemente  fault  zone.  The  main  fault  of  the  zone  is  de¬ 
fined  as  the  break  (and  trough)  at  the  base  of  the  San  Clemente  Escarpment  (Fig.  1 0,  Pro¬ 
files  5,  1 1,  and  13,  and  Fig.  16).  A  second,  more  northerly,  major  fault  trend  cuts  obliquely 
across  the  island  block;  it  is  pronounced  immediately  off  the  northern  one-third  and  the 
south  end  of  the  island.  A  third  fault  trend  is  strongly  evident  to  the  east  of  the  San 
Clemente  fault  zone,  and  cuts  the  central  and  south  parts  of  the  island  block. 

Statistical  Analysis  of  Faulting.  The  use  of  faults  and  other  displacements  to  reconstruct 
stress  fields  is  often  a  tenuous  and  far  from  simple  procedure.  Statistical  treatment  of  the 
data  is  one  method  that  allows  elimination  of  local  anomaly  deviations.  Rose  diagrams  of 
various  sections  of  the  region  of  study  (Fig.  17a-e,  Table  1)  indicate  that  a  basic  three- 
directional  fault  trend  exists.  Together,  these  trends  appear  to  be  the  result  of  horizontal 
compressional  stress,  with  the  principal  axis  oriented  roughly  30  degrees  to  the  long  axis 
of  the  island  in  a  northerly  direction.  Specifically,  the  rose  diagram  of  Fig.  17a  shows  a 
major  fault-strike  trend  averaging  N40°W,  which  is  considered  a  principal  shear  direction. 
This  trend  is  very  close  to  that  of  the  San  Clemente  Escarpment  (Ref.  5,  Chart  1)  and  the 
San  Clemente  fault  as  defined  by  Moore  (Ref.  1 1,  Fig.  13).  A  second  average  trend  is  at 
N13°E.  The  rose  diagram  of  Fig.  17b  has  an  average  trend  of  N 10°  W.  That  of  Fig.  17c 
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FIG.  16.  Tectonic  Map  of  San  Clemente  Island  Block  Area. 
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(c) 

FIG.  17.  Rose  Diagrams  of  Fault  Strikes  in  San  Clemente  Island  Block  Area  (10-Degree  Increments). 

(a)  Northeast  Side. 

(b)  South  End. 

(c)  Southwest  Side. 
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(e) 


FIG.  17.  (Contd.) 

(d)  Recent  Fault  Activity. 

(e)  Total  Faults  in  Studied  Area. 
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TABLE  1.  Frequency  of  Fault  Occurrence 


has  three  trends  that  average  N18°W,  N7°E,  and  N24°E.  Figure  17d,  based  on  what  are 
believed  to  be  recent  offsets  of  the  seafloor  at  basin  and  trough  fills,  has  an  average  trend 
of  N42°W  with  a  secondary  trend  at  N20°E.  All  of  these  trends  shown  in  Fig.l7a-e  have 
an  anomalous  grouping  pattern  (Fig.  18).  The  averages  of  these  groups  (Fig.  19)  result  in  a 
pattern  whose  included  angles  very  closely  coincide  with  the  theoretical  angle  (taking  fric¬ 
tional  effects  into  consideration)  between  primary  shear  faults  (e.g.,  Ref.  23  and  24),  but 
modified  by  tensile  fracturing  between  the  directions  of  primary  shear. 

Anomalous  Fithologic  Trends.  Figure  1 2  depicts  the  broad  offshore  structural  fabric 
along  the  west  side  and  ends  of  the  island.  However,  from  evidence  presented  under  the 
detailed  survey,  the  structural  outlining  is  primarily  the  result  of  deposition  on  the  uncon¬ 
formity  at  the  post-orogenic  surface.  Closer  spacing  of  the  data  would  better  define  any 
isolated  depressions,  such  as  those  revealed  by  the  detailed  survey. 


FIG.  18.  Clustering  of  Fault-Strike  Averages  in  Rose  Diagrams  of  Fig.  17. 
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The  lower  part  of  the  northwest-trending  deposit  off  the  north  end  of  the  island  may  be 
remnants  of  pre-orogenic  strata  preserved  by  faulting;  a  clear-cut  definition  of  Unit  B  was 
difficult  and  tenuous,  as  based  on  the  profiles  of  this  area. 

The  only  separation  of  Unit  B  along  the  west  side  of  the  island  is  at  Eel  Ridge  Canyon. 
This  break  further  emphasizes  the  contrast  in  the  physiological  and  structural  nature  of 
these  areas  to  the  north  and  south  along  this  side. 

The  structural  trend  illustrated  in  Fig.  13  tends  to  substantiate  the  one  shown  on  the 
tectonic  map.  A  pronounced  change  in  this  trend  is  noted  to  the  north  and  south  of  the 
Eel  Point-Lost  Point  area.  The  areas  to  the  north  and  south  are  similar  by  virtue  of  having 
northwesterly  and  northerly  trends,  respectively.  The  area  between  Eel  and  Lost  Points 
has  northerly  to  northeasterly  trends. 
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Figure  13  more  clearly  defines  the  major  exposure  of  volcanic  rock  seaward  of  the  wave- 
cut  terrace  in  the  detailed  survey  area.  In  addition,  the  irregular  configuration  of  this  ex¬ 
posure  more  strongly  illustrates  the  structural  control  disclosed  by  the  detailed  survey. 

The  adjacent  major  thick  sections  southwest  of  West  Cove  appear  to  have  right-lateral 
offset.  The  thick  graben  section  immediately  north  of  Eel  Ridge  Canyon  has  been  severed 
by  the  northerly  and  northwesterly  striking  faults.  A  possible  section  of  the  graben  imme¬ 
diately  to  the  north  has  been  offset  by  one  of  the  north-striking  faults.  The  two  thick 
sections  off  Mail  and  Lost  Points  are  dissected  by  a  right-lateral  offset  (if  these  sections  are 
considered  to  have  been  together  before  faulting).  An  apparent  offset  is  present  near  the 
center  of  the  thick  section  off  Lost  Point. 

Presumably,  the  two  thick  sections  off  the  south  end  of  the  island  have  been  dissected 
and  preserved  by  faulting,  as  their  island  complements  have  been.  Some  normal  faulting  is 
suggested  by  a  predominance  of  blocks  downthrown  to  the  southeast.  Normal  faulting  in 
this  area  is  especially  fitting  for  the  cluster  of  faults  immediately  off  Pyramid  Head.  The 
horsts  to  the  south  of  China  Point  and  off  Pyramid  Head  are  probably  the  result  of  ten- 
sional  stress  followed  by  normal  faulting. 

Profile  interpretation  suggests  that  blocks  and  ridges  of  Unit  C  are  preserved  along  the 
entire  San  Clemente  fault  zone;  these  are  shown  as  exposed  upthrown  as  well  as  buried 
crustal  blocks  that  are  presumed  to  be  underlain  by  volcanic  rock.  Some  profiles  indicate 
a  Unit  C  thickness  in  this  zone  that  corresponds  to  a  sound  velocity  of  roughly  0.6  second 
one-way  travel  time  (approximately  400  meters). 

Some  of  the  broader  structural  trends  of  the  island  block  are  well  delineated  in  Fig.  20. 
Normally,  faulting  should  be  better  preserved  by  the  cover  of  Unit  C,  provided  that  the 
surface  separating  Units  C  and  D  does  not  represent  too  great  a  hiatus.  An  interesting 
feature  that  suggests  a  hiatus  between  these  units  is  the  tendency  for  the  sloping  volcanic 
rock  surface  to  “flatten”  beneath  and  slightly  seaward  of  the  present  submerged  terrace. 
This  may  represent  the  remnant  of  a  pre-Unit  C  wave-cut  terrace. 

The  volcanic  topographic  highs  off  West  Cove  are  emphasized  in  Fig.  20,  which  clearly 
shows  the  major  depression  that  has  preserved  the  thick  parts  of  Unit  C  in  this  area. 

Other  major  features  described  in  Part  1  but  reviewed  here  are  (1)  an  elongated,  north¬ 
trending  topographic  high  immediately  west  of  the  detailed  survey  area  with  an  adjacent 
trough  to  the  east;  (2)  the  pronounced  southeast-trending  topographic  high  off  Lost  Point; 
and  (3)  a  complementary  high  to  the  west  of  (2)  and  (3).  These  topographic  highs  show 
trends,  cutoffs,  and  offsets  that  strongly  suggest  structural  control  aligned  with  the  inferred 
faulting  in  this  area.  Conceivably,  these  may  also  be  vents  for  the  volcanic  flows  that  com¬ 
prise  the  upper  part  of  the  island  block.  This  is  suggested  especially  for  the  high  off  West 
Cove  that  is  believed  responsible  for  a  major  magnetic  high  in  this  area  (Ref.  6,  7,  and  25). 

In  sum,  structural  trends  of  some  areas  in  Fig.  20  do  not  correspond  very  well  to  the 
equivalent  areas  in  Fig.  13;  this  reflects,  in  part,  the  extent  of  erosion  on  the  surface  of 
Unit  C. 
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Because  of  the  difficulties  encountered  in  profile  interpretation  for  the  east  side  of  the 
island,  only  post-orogenic  sediments  (Unit  X)  and  the  post-orogenic  surface  (Fig.  10)  are 
used  in  the  structural  analysis  of  this  area. 

Figure  21  best  illustrates  the  general  over-all  tectonic  pattern  for  the  east  side  of  the 
island.  Intersections  of  faults  at  various  angles  are  outlined  clearly  by  the  linear  trends 
and  sharp  discontinuities  of  the  topographic  highs  and  lows  along  the  San  Clemente  fault 
zone.  Furthermore,  some  of  the  geometric  patterns  suggest  that  more  extensive  faulting 
is  present,  featuring  either  completely  separate  faults  or  extensions  of  those  defined  in 
Fig.  16.  Some  northeast-striking  faults  suggest  that  left-lateral  offsets  have  affected 
(crossed)  the  main  fault  zone  to  a  much  greater  extent  than  shown  by  Fig.  16.  This  sug¬ 
gestion  is  enforced  by  Fig.  7. 

The  deepest  part  of  the  post-orogenic  surface  in  the  studied  area  is  at  the  base  of  the 
San  Clemente  Escarpment  off  Wilson  Cove.  Depths  to  slightly  greater  than  1 ,700  meters 
are  recorded  in  the  triangular-shaped  depression.  The  general  shallowing  nature  of  the  main 
fault  zone  off  the  central  part  of  the  island  is  also  evident. 

Most  of  the  pre-orogenic  surface  along  the  San  Clemente  Escarpment  is  considered 
volcanic  rock  and  is,  therefore,  the  equivalent  of  Unit  D.  Ridges  of  this  surface  form 
breaks  in  the  escarpment  that  are  considered  of  fault  origin.  These  ridges  act  as  natural 
dams  to  sediment  transport.  The  contour  patterns  in  Fig.  21  along  the  submerged  part  of 
the  San  Clemente  Escarpment  subtly  reflect  the  interpreted  fault  pattern;  the  patterns  are 
marked  by  a  change  of  trend  midway  along  the  island.  However,  the  area  along  the  escarp¬ 
ment  across  from  Eel  and  Mail  Points  may  be  affected  more  by  the  northeast-trending 
faults  than  is  indicated  by  Fig.  21 ;  the  fill  by  Unit  X  sediments  (Fig.  1 5)  further  suggests 
this  because  of  offsets  in  these  deposits. 

Figure  15  further  substantiates  the  structural  fabric  along  the  San  Clemente  fault  zone. 
Offsets  stand  out  very  clearly.  Pivotal,  normal,  or  thrust  faults  resulting  in  minor  crustal 
blocks  are  considered  responsible  for  some  of  the  trends  along  the  fault  zone  and  adjacent 
basin  areas. 

Specifically,  the  effect  of  intersections  by  lateral  faulting  is  indicated  by  right-  and  left- 
lateral  offsets  around  the  southwest  flank  of  the  Emery  Seaknoll  (Fig.  16  and  21).  In  addi¬ 
tion,  the  upthrust  of  crustal  blocks  and  the  development  of  depressions  are  strongly  sug¬ 
gested.  The  effect  of  fault  intersection  across  the  entire  San  Clemente  fault  zone  by  the 
northeast-striking  faults  is  also  more  readily  seen  that  is  apparent  in  Fig.  16.  Note  the 
right-lateral  offsets  in  the  perched  troughs  prevalent  along  the  San  Clemente  Escarpment. 
The  troughs,  elongated  northwest-southeast,  are  conceivably  the  consequence  of  slump 
blocks  resulting  from  weak  zones  developed  by  the  northeast  and  north-northwest- 
striking  faults. 
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KILOMETERS 


CONTOUR  INTERVAL,  50  METERS 
(DASHED  WHERE  UNCERTAIN) 


FIG.  21.  Map  of  Structure  Contours  on  Post-0 


CONTOUR  INTERVAL:  50  METERS 
(DASHED  WHERE  UNCERTAIN! 


NATURE  OF  STUDY  AREA  FAULTING 


The  main  purpose  of  this  section  is  to  analyze  the  structure  of  the  San  Clemente  Island 
crustal  block  by  a  study  of  faulting,  folding,  and  uplift  in  light  of  the  lateral  faulting. 

Many  authors  disagree  on  the  types  of  tectonic  movement  in  the  earth’s  crust  and  the 
interpretations  applied  to  areas  of  study  (see,  for  example,  Ref.  25,  26,  27,  and  28). 

Moody  and  Hill  (Ref.  29)  have  evaluated  newer  concepts  of  fault  dynamics  by  a  re- 
evaluation  of  published  data,  mechanics  of  faulting,  and  field  observations.  These  authors 
develop  the  hypothesis  that  anticlinal  folds,  thrust  faults,  and  wrench  faults3  can  be  gener¬ 
ated  from  movement  on  a  large  wrench  fault.  They  conclude  that,  for  any  given  tectonic 
area,  at  least  eight  directions  of  wrench  faulting  and  four  directions  of  anticlinal  folding, 
thrusting,  or  both,  should  accommodate  the  structural  elements  of  that  region  (Fig.  22). 
These  authors  base  some  of  their  concepts  on  those  developed  by  Anderson  (Ref.  24)  and 
McKinstry  (Ref.  27). 

San  Clemente  Fault  Zone.  Shepard  and  Emery  (Ref.  5)  show  a  bathymetric  reversal  in 
the  direction  of  the  scarp  slope  along  the  strike  of  the  San  Clemente  fault.  These  authors 
tend  to  favor  a  horizontal  shift  of  about  40  kilometers  to  explain  this  phenomenon,  and 
give  several  reasons  for  this  concept  over  that  of  pivotal  faulting.  Allen,  et  al.  (Ref.  30), 
believe  that  the  San  Clemente  fault  is  a  continuation  of  the  Agua  Blanca  fault,  with  a  pre¬ 
sumed  lateral  displacement  of  up  to  at  least  1 1  kilometers.  This  displacement  is  similar  to 
that  of  the  San  Andreas  and  San  Jacinto  faults  of  the  coastal  area. 

Although  the  inferred  fault  scarps  are  of  high  relief  in  many  areas  of  the  Continental 
Borderland,  this  relief  is  considered  relatively  small  compared  with  the  postulated  lateral 
movement  along  such  features  as  the  San  Clemente-Agua  Blanca  faults,  as  well  as  those  in 
the  Southern  California-Baja  California  region.  Furthermore,  Moody  and  Hill  (Ref.  29) 
believe  that  the  last  increment  of  wrench-fault  movement  in  many  cases  is  essentially  ver¬ 
tical  and  simulates  a  high-angle  normal  fault  or  high-angle  thrust  fault.  This  is  illustrated 
by  Anderson  (Ref.  24,  p.  170)  for  the  San  Andreas  fault. 

Referring  specifically  to  the  San  Clemente  Island  block  relief,  local  relief  may  also  re¬ 
sult  from  lateral  faulting  if  a  high  area  is  brought  into  juxtaposition  to  a  low  area,  accom¬ 
panied  by  buckling  of  the  moving  block  (Ref.  31)  or  thrust  faulting  (Ref.  32).  Kingma 
(Ref.  33)  suggests  that  a  block  may  be  squeezed  up  if  caught  between  two  strike-slip  faults. 

Moody  (Ref.  34)  postulates  that  shape  change  and  shifting  of  crustal  blocks  may  result 
from  the  stresses  involved  in  wrench  faulting.  This  could  cause  certain  blocks  to  collapse 
(forming  present  basins)  as  a  result  of  the  dominant  vertical  movement  along  the  pre¬ 
existing  shear  pattern.  The  San  Clemente  Escarpment  could  have  been  developed  by  such 
a  shifting  of  crustal  blocks. 


3Synonomous  with  strike-slip,  transcurrent,  and,  in  the  broad  sense,  lateral  faults.  The  particular  terminology  is  used 
here  whenever  it  relates  to  a  certain  author’s  usage. 
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FIG.  22.  Plan  of  Wrench  Fault  System  Under  North-South  Compression  (From  Ref.  29). 
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Wrench  faults  are  generally  characterized  by  steeply  dipping  fault  planes.  However, 
Moody  and  Hill  (Ref.  29)  state  that  wrench  faults  with  a  dip  much  less  than  70  degrees 
have  been  described  in  the  literature.  The  fact  that  the  San  Clemente  Escarpment  has  a 
maximum  slope  of  only  slightly  more  than  30  degrees  is  not  considered  a  major  obstacle  to 
the  wrench-fault  hypothesis.  Slumps  and  slump  scars  indicate  that  the  slope  has  been  modi¬ 
fied  since  its  inception.  Erosion  has  undoubtedly  had  some  modifying  effect.  Seismic  pro¬ 
file  records  suggest  that  the  fault  tends  to  steepen  slightly  with  depth,  although  this  is  not 
conclusive  because  of  the  hyperbolic  nature  of  the  acoustic  response  from  bathymetric 
troughs. 

St.  Amand  (Ref.  35)  proposes  that  the  most  striking  property  of  large  lateral  faults  is  the 
consistent  straightness,  or  at  least  the  smooth  and  gradual  curvature,  of  the  fault  strike. 

This  is  sometimes  supplemented  by  the  occurrence  of  a  trough,  usually  sediment-filled, 
along  the  strike  of  the  fault.  St.  Amand  also  states  that  small-scale  features  attributable  to 
smaller  scale  faulting  are  often  found  in  the  trough.  Examples  of  these  features  are  given, 
such  as  the  thrusting  of  minor  fault  slices  or  the  formation  of  small  grabens.  The  trough 
itself  may  be  developed  by  the  formation  of  a  graben  through  normal  faulting  on  both 
sides  of  the  main  fault,  or  along  the  sides  of  thrust  faults  associated  with  the  lateral  faulting. 
St.  Amand  concludes  that  any  fault  having  a  straight  trace  more  than  a  few  miles  in  length 
has  undergone  lateral  movement.  All  of  the  above  properties  are  evident  along  the  San 
Clemente  fault  zone. 

Seismic  epicenter  evidence  (Ref.  7)  indicates  that  the  zone  representing  the  San  Clemente 
fault  has  been  relatively  active  since  1934,  the  first  year  that  epicenter  data  were  recorded. 
The  earthquake  foci  are  believed  to  be  several  kilometers  in  depth  (Ref.  36).  If  these  foci 
are  associated  with  the  San  Clemente  fault,  as  suggested,  this  fault  must  extend  to  several 
kilometers  in  depth.  Normally,  lateral  faults  are  believed  to  be  deep-seated,  in  particular 
those  that  are  large  primary  lateral  faults  (Ref.  24  and  29). 

From  these  considerations,  lateral  faulting  (Fig.  22  and  23)  is  inferred  to  be  the  primary 
mechanism  for  the  development  of  the  San  Clemente  fault.  Arguments  in  favor  of  this  in¬ 
ference  are  sufficiently  important  to  justify  the  basic  assumption  that  this  fault  represents 
the  primary  shear  direction  of  the  essentially  horizontal  compressional  stress  pattern,  such 
as  the  one  postulated  by  Moody  and  Hill  (Ref.  29). 

Until  detailed  knowledge  of  the  entire  San  Clemente  fault  zone  and  its  associated  fault 
blocks  has  been  gained,  so  as  to  permit  a  precise  definition  of  the  fault  mechanism,  the 
assumption  above  seems  to  be  the  most  realistic  so  far. 

Assessment  of  Structural  Model.  The  rose  diagrams  (Fig.  1 7)  provide  a  reasonable  statis¬ 
tical  basis  for  the  stress  pattern  postulated  above  because  of  the  assumption  that  the  San 
Clemente  fault  is  the  primary  horizontal  shear  direction.  The  diagrams  provide  a  close 
analogy  between  the  average  of  the  fault  strikes  and  the  theoretical  application.  According 
to  Moody  and  Hill’s  theoretical  wrench-fault  system  (Ref.  29),  the  N40°W  trend  is  con¬ 
sidered  the  primary  first-order  right-lateral  wrench  and  the  N13°E  is  the  complementary 
first-order  left-lateral  wrench.  The  N15°W  trend  corresponds  to  the  primary  stress  direction, 
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FIG.  23.  Deformation  Caused  by  Wrench  Faults  (From  Ref.  24).  Arrows  denote  general  compression  and  extension. 

(a)  Initial  State. 

(b)  Left-Lateral  Shearing. 

(c)  Combined  Left-Lateral  and  Right-Lateral  Fracturing,  Resulting  in  Block  Division 
of  General  Region. 


which  in  turn  relates  to  tensile  fractures,  as  defined  by  Beloussov  (Ref.  26)  and  shown  in 
Fig.  24a.  The  shear  pattern  closely  corresponds  to  the  definition  of  the  basic  San  Andreas 
fault  shear-stress  pattern  by  Moody  and  Hill. 

If  the  statistical  model  is  valid,  a  positive  empirical  assessment  of  the  pattern  of  faulting 
in  various  parts  of  the  study  area  would  tend  to  justify  it.  Using  N15°W  as  the  principal 
compressional  stress  direction,  much  of  the  offshore  and  island  faulting  is  readily  associated 
with  the  tensile-component-modified  version  of  Moody  and  Hill’s  wrench-fault  system. 
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FIG.  24.  Tectonic  Stress  Patterns  (After  Ref.  26).  Fine  lines  are  shear  fractures;  heavy  lines  are  tension 
fractures;  arrows  show  direction  of  displacement. 

(a)  Tension-Compression. 

(b)  Shear  Deformation  Produced  by  Couple  With  Formation  of  en  Echelon  System  of  Joints. 

(c)  Same  as  (b),  but  With  Formation  of  en  Echelon  System  of  Shear  Fractures. 


An  example  of  offshore  tensile  faulting  is  the  existence  of  many  faults  off  the  south  end 
of  the  island,  where  normal  or  pivotal  faulting  has  developed  and  resulted  in  crustal  block 
rotation  with  the  downthrown  side  to  the  east.  In  addition,  the  many  north  to  northwest- 
striking  groups  of  faults  north  of  Eel  Ridge  Canyon  are  considered  of  tensile-strain  origin. 
This  area  contains  a  graben  and  horst  assemblage  that  provides  a  criterion  for  this  interpre¬ 
tation.  Some  offsets  by  north-northwest-trending  faults  along  the  northwestern  part  of  the 
San  Clemente  fault  zone  may  be  attributable  to  east-west  tension  resulting  in  slight  dilation 
(Fig.  24b  and  c)  and  perhaps  related  to  a  shear  couple.  This  aspect  of  the  problem  will  be 
discussed  below.  Some  of  the  faulting  within  the  offshore  area  between  Pyramid  Head  and 
Eel  Ridge  Canyon  may  also  have  developed  from  a  shear  couple. 
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The  major  fault  across  the  northern  end  of  the  island  that  shows  right-lateral  displace¬ 
ment  is  related  to  second-order  right-lateral  wrench  faulting. 

A  second  fault,  intersecting  Seal  Cove  and  showing  a  left-lateral  displacement,  closely 
aligns  with  the  second-order  left-lateral  wrench-fault  direction. 

According  to  Olmsted  (Ref.  2),  movement  on  the  island  faults  appears  to  have  been 
chiefly  vertical,  but  on  many  the  movement  has  been  of  the  strike-slip  variety.  This  implies 
a  combination  of  lateral  and  normal  (or  thrust)  faulting.  However,  Merifield  and  Lamar 
(Ref.  4)  state  that  the  faults  studied  in  the  central  part  of  the  island  dip  steeply,  and  that 
the  rake  of  striations  on  slickensided  gouge  zones  show  a  dominance  of  oblique  movement 
more  in  the  horizontal  than  the  vertical  direction.  The  steepness  of  dip  and  the  more  hori¬ 
zontal  movement  correspond  more  to  a  near-horizontal  compression  related  to  wrench 
faulting  (Ref.  24  and  29).  Merifield  and  Lamar  (Ref.  4)  state  the  following  in  their  descrip¬ 
tion  of  faulting  at  the  central  part  of  the  island:  “In  the  cases  where  the  sense  of  movement 
could  be  demonstrated,  the  north-northeast  to  northeast-trending  faults  have  moved  in  a 
left-lateral  sense  and  the  north-northwest-trending  faults  have  moved  in  the  right-lateral 
sense.”  These  movement  senses  are  consistent  with  the  stress  model  proposed  for  the  study 
area. 

The  complex  series  of  faults  along  the  eastern  side  of  the  island  is  considered  mostly  a 
combination  of  lateral  shear  and  tensile  faulting  that  results  in  the  slide  or  slump  blocks  so 
prevalent  along  that  side. 

Olmsted  (Ref.  2)  has  related  the  sympathetic  faults  between  the  two  main  northward¬ 
trending  faults  near  Wilson  Cove  to  tensional  stress.  In  this  sense,  the  two  main  faults  would 
then  be  essentially  shear-derived  and  related  to  second-order  right-lateral  wrench  faulting. 

Lineations  across  the  island  at  N75°-85°W  (Fig.  25)  may  be  second-order  right-lateral 
wrench  faults.  This  interpretation  is  strengthened  by  some  apparent  right-lateral  offsets 
along  the  shorelines  of  the  island. 

An  example  of  offshore  horizontal  movement  is  the  series  of  en  echelon  offsets  of  the 
main  San  Clemente  fault  that  are  mostly  consistent  with  left-lateral  faulting.  The  faults 
that  apparently  cause  these  offsets  are  not  shown.  The  offsets  are  presumed  to  be  related, 
at  least  in  part,  to  the  northeast-striking  faults  along  the  northwest  and  southeast  sides  of 
the  Emery  Seaknoll,  as  well  as  to  those  that  cut  the  escarpment.  These  fault  series  readily 
correspond  to  the  complementary  first-order  shear  direction. 

The  area  between  the  Emery  Seaknoll  and  the  island  contains  several  examples  of  varied, 
apparent  offsets.  This  area  illustrates  the  complexity  that  could  result  from  lateral  shear 
between  two  opposing  topographic  highs.  In  plan  view,  the  fault  pattern  tends  to  “rotate” 
around  the  west  side  of  the  Emery  Seaknoll,  the  smaller  of  the  highs.  Apparently,  the 
effects  of  both  tension  and  shear  are  felt  in  this  area. 
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Extrapolation  of  the  several  northwest  and  northeast-striking  faults  at  the  northwestern 
end  of  the  study  area  will  lead  to  intersections  that  well  illustrate  the  pattern  of  primary 
and  complementary  shear  directions. 

A  further  analogy  to  the  postulated  stress  pattern  is  shown  by  an  analysis  of  the  ridges 
and  folding  off  the  east  side  of  the  island.  Most  of  these  features  have  northwesterly  strikes. 
Under  the  Moody  and  Hill  system,  these  features  are  considered  second-order  drag  folds  or 
ruptures  (reverse  or  thrust-fault  ridges).  A  few  additional  northerly-trending  features  close 
to  the  Emery  Seaknoll  are  presumed  to  be  compression  ridges  (Ref.  29  and  37)  related  to 
the  primary  wrench  fault. 

The  gentle  folding  off  the  southern  end  of  the  island  (Fig.  26)  is  mostly  parallel  to  sub¬ 
parallel  with  the  associated  faulting.  This  feature  presumably  resulted  from  either  drag 
folding  (third-order)  or  drag  by  the  series  of  fault  blocks  that  appear  to  have  rotated  east¬ 
ward  in  a  counterclockwise  direction. 

The  syncline  between  Northwest  Harbor  and  West  Cove  is  related  to  the  second-order 
drag  fold  of  the  complementary  left-lateral  shear  faulting. 

The  drag-fold  interpretation  is  strongly  supported  by  statistical  analysis.  According  to 
Ref.  29,  the  value  of  the  critical  angle  7  (Fig.  22)  has  not  been  determined  satisfactorily; 
however,  it  generally  varies  between  5  and  30  degrees,  with  an  average  of  1 5  degrees. 

Figure  27a  and  Table  2  show  that  the  majority,  i.e.,  80%,  of  these  tectonic  features  have 
formed  between  30  and  60  degrees  (7  =  0  to  30  degrees)  from  the  postulated  primary- 
stress  direction.  The  remainder,  being  within  30  degrees  northwest-southeast  of  the 
primary-stress  direction,  may  be  the  previously  mentioned  compression  ridges.  Table  3  and 
Fig.  27b  show  that  75%  of  the  folds,  ridges,  or  both,  are  aligned  within  10  degrees  northeast- 
southwest  of  the  primary-stress  direction.  These  features  are  readily  assigned  to  the  third- 
order  drag-fold  phenomenon,  as  noted  in  Fig.  22.  They  correspond  to  the  correct  side  of 
the  primary  first-order  wrench  fault  and  the  position  of  the  second-order  right-lateral 
wrench  fault. 

The  main  bases  for  the  tectonic  interpretation  in  this  section  are  the  plan  view  of  fault 
strikes  plus  the  inferred  relationship  of  these  faults  to  the  segmentation  of  crustal  blocks, 
folds,  and  ridges,  as  interpreted  from  the  seismic  profiles.  These  bases  have  been  supple¬ 
mented  by  the  work  of  other  authors.  A  dynamic  approach  to  the  problem  is  very  difficult, 
so  that  geometric  relations  have  been  used  for  a  qualitative,  general  solution  to  the  problem. 
Considering  the  degree  of  uncertainty  attending  this  indirect  method,  substantial  agreement 
with  the  theoretical  application  results  from  both  statistical  and  geometric  model  analyses. 
Different  interpretations  may  be  applied,  but  the  evidence  strongly  suggests  that  the  lateral- 
fault  tectonic  system  is  the  most  applicable  for  the  area  studied. 


42 


TURNING  POINT 


(b) 

FIG.  27.  Rose  Diagrams  of  Fold  Axes,  Ridge  Axes,  or  Both,  Presumed  To  Have  Resulted  From  Drag  Folds. 
Triple  arrows  denote  primary  stress  direction. 

(a)  Along  San  Clemente  Fault  Zone. 

(b)  Along  Southern  End  of  Island. 


TABLE  2.  Occurrence  of  Secondary 
Structures  (Folds,  Ridges,  or  Both)  Along 
San  Clemente  Fault  Zone 


Degrees 
from  7 

No.  of 

occurrences 

Occurrence 

percentage 

0-10 

2 

6.67 

10-20 

1 

3.33 

20-30 

3 

10.00 

30-40 

8 

26.67 

40-50 

8 

26.67 

50-60 

8 

26.67 

30 

100.01 

TABLE  3.  Occurrence  of  Secondary 
Structures  (Folds,  Ridges,  or  Both)  off 
Southern  End  of  Island 


Degrees 
from  7 

Occurrence 

Occurrence 

percentage 

0-10 

9 

75.00 

10-20 

3 

25.00 

12 

100.00 
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ADDITIONAL  TECTONIC  CONDITIONS  AND  FEATURES 


Uplift,  Doming,  and  Tilting.  There  is  no  evidence  of  primary  folding  on  the  island  block. 
As  a  consequence,  the  upthrow  of  the  entire  block,  complemented  by  doming  and  tilting, 
must  represent  some  release  from  the  primary  compressional  force.  Various  authors  have 
suggested  reasons  for  relating  crustal-block  relief  to  lateral  faulting.  Buckling,  thrust  faulting, 
squeezing  between  strike-slip  faults,  and  shape  change  and  shifting  are  given  as  examples. 

Bowing  of  the  surficial  dacite  flows  that  cap  the  central  part  of  the  island  is  noted  by 
Merifield  and  Lamar  (Ref.  4).  These  authors  suggest  a  0-to-l  5-degree  westerly  to  south¬ 
westerly  dip  on  the  west  flank  of  the  island  and,  from  limited  observation,  a  10-to-30-degree 
northeasterly  dip  on  the  steep  east  flank.  The  latter  dip  is  the  possible  result  of  drag  by  the 
San  Clemente  fault. 

The  rotation  of  the  northeast  fault-strike  pattern  offshore  in  the  detailed  survey  area, 
which  culminates  at  Eel  Ridge  Canyon,  may  have  been  caused  partly  by  the  upbowing  of 
the  island  block  (Fig.  28a-b).  The  Eel  Point-Lost  Point  area  lies  across  the  island  from  the 
San  Clemente  fault-zone  high  next  to  the  Emery  Seaknoll  (Fig.  28a).  According  to  Beloussov 
(Ref.  26),  both  shear  and  tension  fractures  may  be  formed  by  bending  and  upwarping.  Both 
of  these  processes  may  give  rise  to  stretching  that  varies  widely  in  intensity,  depending  on 
the  shape  of  the  uplifts.  Under  these  conditions,  the  northwest-striking  faults  and  lineations 
off  China  Point  could  be  related  to  tension,  as  shown  in  Fig.  28b.  A  graben  and  in-facing 
scarp  are  the  criteria  for  this  conclusion.  In  some  instances,  one  of  the  fracture  systems 
predominates,  most  frequently  the  radial  (shear)  system.  Accordingly,  this  could  be  the 
case  for  some  of  the  northeast-trending  fractures  southeast  of  Eel  Ridge  Canyon.  The  north 
to  northwest-striking  faults  associated  with  horsts  and  grabens  northwest  of  the  canyon  may 
have  been  developed  partly  by  uplift,  as  well  as  by  tension  from  horizontal  compression.  If 
the  direction  of  horizontal  primary  stress  is  accepted,  and  if  upbowing  is  assumed  to  have 
occurred,  then  the  fracturing  of  the  island  block  can  be  assumed  to  be  complex. 

Shear  Couple  Condition.  The  major  fault  zone  along  the  west  base  of  the  island  block  is 
interpreted  from  the  1964  survey  profiles  (Fig.  4).  This  fault  zone  is  also  shown  by  Moore 
(Ref.  1 1).  The  strike  of  this  feature  is  N22°W  and  may  be  interpreted  as  a  tensile  feature 
associated  with  uplift  of  the  island  block.  On  the  other  hand,  certain  criteria  strongly  sug¬ 
gest  that  it  is  a  second  primary  wrench  fault  that  complements  the  San  Clemente  fault.  The 
seismic  profiles  across  this  zone  show  a  wide  trough,  which  is  relatively  straight  for  several 
kilometers  (Fig.  16)  and  appears  to  contain  small  segments  of  crustal  blocks  associated  with 
faulting. 

It  is  suggested  that  the  San  Clemente  fault  zone  and  the  complementary  zone  comprise 
the  main  primary  shear  fractures  of  a  shear  couple  encompassing  the  island  block  (assuming 
that  the  stress-field  direction  is  correct).  This  may  be  the  reason  for  a  strong  expression  of 
inferred  northerly  striking  tensile  faults,  as  well  as  the  spread  of  azimuth  in  the  comple¬ 
mentary  first-order  shear  fracturing  (Fig.  18).  Kingma’s  and  Lensen’s  interesting  models 
pertaining  to  the  development  of  horsts  and  grabens  (Ref.  33  and  37,  respectively)  are 
particularly  adaptable  to  this  study.  The  San  Clemente  Island  block  has  been  upthrown 
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TOP  VIEW 


ROTATION  of  fault  strike 


TOP  VIEW  MODIFIED  FROM  BELOUSSOV.  1962.  SIDE 
VIEW  IS  AUTHOR’S  MODEL  RELATED  TO  STRUC¬ 
TURAL  NATURE  OF  SAN  CLEMENTE  ISLAND  BLOCK. 
QUESTION  MARKS  DENOTE  REGION  LACKING  IN 
EASTERLY-TRENDING  FAULTS  BUT  CONTAINING 
HORSTS  AND  GRABENS  THAT  MAY  HAVE  BEEN 
PARTLY, DEVELOPED  BY  UPLIFT  AND  BOWING. 


(a) 


(b) 


FIG.  28.  Sketch  of  Proposed  Upbowing  and  Subsequent  Fracturing  of  San  Clemente  Island  Block. 

(a)  Plan  View,  Showing  Principal  Horizontal  Compressional  Direction  (A-A* ) 
and  Main  Trends  of  Offshore  Faulting.  B-B'  is  primary  first-order  wrench 
fault  direction.  C-C'  is  trend  of  bathymetric  high. 

(b)  Model  Showing  Relationship  of  Tension  Stress  by  Upbowing  of  Island  to 
Compressional  Stress.  AB  vector  is  component  of  upbowing;  BC  is  com¬ 
ponent  of  compression  representing  principal  compression  direction. 


and  tilted  in  a  direction  that  may  be  in  line  with  that  postulated  for  a  right-lateral  sense  of 
movement  by  these  authors  (see  the  section  below).  However,  for  this  shear  mechanism  to 
be  valid,  the  subparallel  primary  shear  zones  must  intersect  at  some  depth,  and  this  is  purely 
speculative  at  this  time. 

Wave-Cut  Terrace.  To  ensure  clear  understanding  of  this  section,  the  reader  should  refer 
to  Fig.  6  of  this  volume,  as  well  as  to  Fig.  8  and  1 8  of  Part  1 .  The  shoreward  limit  of  the 
terrace  is  defined  as  the  contact  of  Units  C  and  D.  The  outer  limit  is  defined  as  the  point  of 
declivity.  This  permits  a  better  structural  analysis  of  the  prominent  insular  terrace. 

Figure  29a-b  strongly  suggests  the  effects  of  post-terrace  faulting.  Fault  evidence  is  indi¬ 
cated  by  the  grouping  of  two  to  three  adjacent  measurements  having  the  same  or  nearly  the 
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DEPTH, METERS 


PROFILES 

(b) 


FIG.  29.  Wave-Cut  Terrace  Diagrams. 

(a)  Profiles  Along  West  Side  and  South  End  of  Island.  West-side  profiles  combine  data 
from  both  detailed  and  reconnaissance  surveys. 

(b)  East  Side  of  Island.  Lack  of  data  along  middle  of  island  results  from  profiles  missing 
terrace  close  to  island. 


same  depths,  which  suggest  minor  horsts  and  grabens.  This  grouping  is  more  prevalent  on 
the  west  side  of  the  island;  however,  a  greater  magnitude  of  depth  difference  occurs  on  the 
east  side  of  the  island. 

The  shallow  depth  at  the  outer  end  of  the  terrace  off  Wilson  Cove,  shown  by  Profile  3, 
corroborates  the  sense  of  throw  for  the  major  fault  (Ref.  2)  projecting  from  the  island  to 
form  part  of  this  cove.  The  effect  of  the  northwest-striking  fault  pattern  is  indicated  by 
the  rapidly  increasing  depths  across  Profiles  2,  1,  and  58,  and  the  east  part  of  57.  The  faults 
have  apparently  developed  a  major  offset  in  the  terrace  of  this  area  (see,  for  example,  Pro¬ 
file  57  in  Fig.  10).  The  effects  of  northeast-striking  faults  is  perceptible  at  the  west  end  of 


47 


Profile  57.  The  sharp  break  in  the  southerly  shoaling  of  the  terrace  between  Profiles  8  and 
1 1  is  probably  related  to  slump-block  activity  and  a  northwest-striking  fault  (Fig.  1 6).  The 
sudden  deepening  of  the  terrace  in  the  area  of  Profiles  23,  27,  and  27A  is  related  to  the 
cluster  of  northerly  striking  faults  off  Pyramid  Head  that  have  downthrown  blocks  to  the 
southeast. 

No  mention  is  made  in  either  Ref.  2  or  4  of  offset  marine  terraces  on  the  island.  The 
fact  that  offshore  faulting  (west  side)  has  apparently  offset  the  terrace  suggests  (1)  that 
the  faulting  is  more  lateral  and  is  disguised  more  readily  on  the  island  or  (2)  that  the  fault¬ 
ing  is  pivotal  and  has  little  effect  on  the  island. 

General  northwesterly  downward  tilting  is  apparent  in  Fig.  29a.  The  northwesterly  tilt 
is  approximately  50  meters  in  100  nautical  miles,  and  is  in  very  close  agreement  to  Emery’s 
estimate  for  regional  warping  of  the  Pleistocene  Epoch  terraces  (Ref.28),  although  it  is  not 
in  the  same  direction.  Evidently,  a  post-Pleistocene  component  of  tilting  to  the  northwest 
has  been  peculiar  to  the  San  Clemente  Island  block.  However,  it  is  conceivable  that  a  de¬ 
tailed  analysis  of  other  island  terraces  will  show  similar  tilt.  Tilting  to  the  northwest  is  not 
so  apparent  in  Fig.  29b,  although  this  may  be  noted  from  Profiles  4  through  1 7  by  means 
of  an  average  alignment  of  the  outer-terrace  depths. 

For  the  west  side  of  the  island,  the  average  of  the  outer-terrace  depths  is  121 .9  meters; 
the  average  for  the  inner  depths  is  91 .1  meters  (Table  4).  The  average  terrace  slope  is  very 
nearly  1  degree.  It  is  noteworthy  that  68%  of  the  outer  depths  along  the  west  side  of  the 
island  have  an  average  of  122.6  meters.  The  121.9-  and  122.6-meter  averages  imply  that 
a  close  approximation  of  the  pre-fault  (post-tilt)  outer-terrace  depth  is  1 22  meters. 

Only  the  outer  edge  of  the  terrace  along  the  east  side  of  the  island  has  yielded  sufficient 
data  for  analysis.  The  average  of  21  outer-depth  measurements  is  90.3  meters.  The  19 
measurements  made  with  confidence  average  91.1  meters.  It  is  concluded  that  90  meters 
is  a  close  approximation  of  the  original  (post-tilt)  outer  depth  of  this  part  of  the  terrace. 

The  average  outer  depths  of  the  terrace  for  both  sides  of  the  island  indicate  that  the 
island  block  displays  a  slight  northeasterly  upward  component  of  tilting.  Although  data  are 
insufficient,  a  northeastward  upward  tilting  is  also  suggested  by  the  profile  terrace  data 
off  the  southern  end  of  the  island. 

Based  on  the  average  of  0°07'  for  continental  slopes  (Ref.  15),  the  near-l-degree  aver¬ 
age  for  the  west  side  of  the  island  also  suggests  westward  tilting  subsequent  to  the  incep¬ 
tion  of  the  terrace. 

The  northeasterly  component  of  tilt  is  calculated  as  1/4  degree,  based  on  the  average 
horizontal  distance  across  the  island  from  outer  terrace  to  outer  terrace  (4.8  nautical 
miles).  Calculations  based  on  the  terrace  data  above  show  that  the  fulcrum  of  the 
northeast-southwest  tilt  is  close  to  the  northwesterly  axis  of  the  island,  and  that  the  net 
tilt  is  roughly  westward. 
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TABLE  4.  (Contd.) 


Profile 

No. 

!  Present  depth,  m 

Outer  terrace  depths 

Inner  j  Outer 

Range  of 

Frequency 

Percent 

Cumulative 

difference,  m 

of  occurrence 

of  occurrence 

percent 

b.  East  Side  (Contd.) 


a  Reconstructed  depths  based  on  terrace  offset  by  faulting  (Fig.  29b). 


Gaal  (Ref.  7)  concluded  from  bathymetry  studies  that  the  submarine  terraces  of  some  of 
the  Continental  Borderland  islands  have  a  deeper  western  margin.  Emery  (Ref.  21 )  notes 
that  tilting  may  have  caused  the  difference  in  terrace  depths  on  either  side  of  San  Clemente 
Island.  In  both  Ref.  6  and  21,  Emery  postulates  a  regional  west-to-south  tilting  of  the 
borderland,  based  on  submerged-terrace  measurements.  However,  the  tilting  of  the  San 
Clemente  Island  block  only  partly  conforms  to  these  authors’  data.  It  is  conceivable  that 
crustal-block  segmentation,  as  well  as  the  resulting  shape  change  and  block  shifting,  have  im¬ 
posed  different  structural  histories  on  various  crustal  blocks,  or  groups  of  blocks,  in  the  Con¬ 
tinental  Borderland  area  (Ref.  34);  thus  the  block  tilting  of  San  Clemente  Island  need  not 
conform  entirely  to  that  of  other  islands. 

The  average  depth  of  the  outer  end  of  the  terrace  on  the  east  side  of  the  island  is  the  same 
as  the  average  for  the  inner  depth  at  the  western  margin.  This  suggests  that  Smith  (Ref.  1) 
and  Olmsted  (Ref.  2)  are  correct  in  their  interpretation  of  upward  bowing  in  the  island  vol¬ 
canic  rocks,  and  attests  to  a  conclusion  by  this  author  that  tilting  (and  possibly  some  up- 
bowing)  postdates  the  cutting  of  the  major  submarine  terrace.  A  contradiction  to  the  latter 
postulation  is  indicated  by  data  from  a  few  of  the  seismic  profile  terrace  slopes  off  the  east 
side  of  the  island.  The  average  of  these  is  slightly  more  than  1/2  degree,  which  tends  to 
support  a  predominantly  westward  post-terrace  tilting. 
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A  tilt  of  the  island  block  of  5  degrees  (the  minimum  cited  in  Ref.  2)  would  make  the 
uppermost  island  terrace  slope  slightly  greater  than  5  degrees.  If  upbowing  is  considered, 
on  the  other  hand,  the  return  to  a  more  gentle  slope  is  possible.  Not  only  are  there  no 
known  precise  measurements  for  the  slopes  of  the  island  terraces,  but  the  variable  alluvial 
and  colluvial  fill,  as  well  as  post-terrace  erosion  and  faulting,  would  tend  to  complicate  ef¬ 
forts  toward  precise  measurements  of  the  true  terrace  slopes.  The  writer  has  made  a  Brunton 
compass  measurement  of  the  first  major  terrace  above  sealevel  on  the  west-central  side  of  the 
island.  The  slope  angle  is  nearly  2  degrees,  which  is  an  order  of  magnitude  greater  than  the 
slope  of  the  submarine  terrace  and  suggests  considerable  tilt,  upbowing,  or  both,  between 
the  development  stages  of  these  terraces. 

The  narrowness  of  the  terrace  along  the  east  side  of  the  island  may  be  attributed  to 
either  (1)  differential  erosion  of  the  more  resistant  volcanic  rocks,  as  compared  with  the 
softer  Miocene  sedimentary  rocks,  or  (2)  the  terrace  being  a  remnant  resulting  from  faulting. 
The  writer  concurs  with  the  first  explanation  because,  according  to  the  orogenic  history  of 
the  borderland  (Ref.  6  and  1 1),  the  San  Clemente  fault  break  at  this  level  of  the  island  had 
already  taken  place  before  the  end  of  Wisconsin  time.  However,  some  loss  of  the  terrace 
has  probably  resulted  from  slide  or  slump-block  activity. 

On  the  basis  of  the  evidence  presented  here,  much  of  the  present  structure  of  the  San 
Clemente  Island  block  developed  during  Pleistocene  time.  At  the  very  least,  Pleistocene 
orogeny  has  been  important  in  developing  the  present  structure.  However,  the  relationship 
of  the  net  downward  and  westward  tilting  to  the  primary  compressional  stress  forces  pro¬ 
posed  in  this  paper  is  not  fully  understood.  It  is  conceivable  that  the  tilt  is  associated  with 
both  upward  bowing  in  response  to  lateral  compression  and,  possibly,  a  shear  couple  en¬ 
compassing  the  island  block. 

Rift  Valley.  The  San  Clemente  fault  tends  to  bifurcate  at  the  southern  end  of  the  island. 
This  is  the  northern  end  of  what  is  termed  the  Rift  Valley  by  Shepard  and  Emery  (Ref.  5). 
For  unknown  reasons,  perhaps  the  result  of  initial  conditions,  dislocation,  and  nonelastic 
behavior  (Ref.  24),  the  strike  of  the  San  Clemente  fault  has  taken  a  smooth  and  gradual 
curvature  from  the  south  end  of  the  Rift  Valley  to  the  north  end  of  the  island.  As  a  con¬ 
sequence,  it  is  logical  to  assume  that,  because  of  tensional  stress,  a  “cross-strike  separation” 
(or  “pull-apart”  feature)  has  developed  to  form  the  Rift  Valley  (Fig.  30).  The  10-to-l  5- 
degree  bifurcation  of  faults  off  Pyramid  Head  may  have  resulted  from  first-order  right-lateral 
wrench  faulting  and  breaks  (thrusting)  from  second-order  drag  fold.  Compression  was  (and 
is)  probably  greatest  along  the  zone  between  the  Emery  Seaknoll  and  the  island,  and  de¬ 
veloped  the  upbowing  and  complex  fracturing  previously  described  for  this  area. 

The  Rift  Valley  is  not  apparent  from  bathymetry  to  the  northwest  of  the  island,  border¬ 
ing  the  Santa  Catalina  Basin.  This  lack  might  be  explained  as  a  structural  modification  by 
more  northwesterly  striking  faults,  heavy  sedimentation  in  the  area,  and  the  additional 
tendency  of  the  fault  to  become  more  linear.  Bathymetry  along  this  portion  of  the  escarp¬ 
ment  indicates  a  series  of  left-lateral  offsets  (Ref.  5,  Chart  1)  that  could  be  related  to  second- 
order  left-lateral  wrench  faulting.  These  faults,  along  with  the  main  fault  and  others  asso¬ 
ciated  with  the  development  of  the  Santa  Catalina  Basin,  have  possibly  modified  a  rift-zone 
valley. 
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FIG.  30.  Hypothesis  for  Tectonic  Development  of  San  Clemente  Rift  Valley. 


GEOPHYSICAL  CONSIDERATIONS 

Magnetism.  The  first  published,  detailed  magnetic  studies  of  the  northern  Continental 
Borderland  were  made  by  Harrison  and  von  Huene  (Ref.  38),  von  Huene  and  Ridlon  (Ref.39), 
and  Harrison,  et  al.  (Ref.  25);  in  the  southern  Continental  Borderland,  the  first  studies  were 
made  by  Krause  (Ref.  10). 

The  aeromagnetic  survey  in  this  study  (Fig.3 1 )  is  considered  the  most  detailed  of  any 
made  of  an  insular  feature  in  the  borderland  region. 

The  principal  features  in  Fig.  32  are  a  northeast-trending  high  of  1,000-gamma  maximum 
off  West  Cove,  and  a  northwest-trending  low  of —125  gamma  off  the  northeast  side  of  the 
island.  Removal  of  the  earth’s  regional  gradient  leaves  a  high  of  1 ,100  and  a  low  of  nearly 
25  gamma  for  these  features  (Fig.  33).  The  low  in  both  maps  closely  conforms  to  the  major 
pre-orogenic  triangular  depression  filled  with  550  meters  of  post-orogenic  sediments.  These 
high  and  low  anomalies  are  present  in  the  residual  anomaly  map  (Fig.  34),  but  have  a  slight 
shift  in  position  and  trend.  The  major  high  becomes  elongated  east-west,  with  a  maximum 
100-gamma  “bulge”  centered  over  the  large  volcanic  high  defined  by  Seismic  Profile  52 
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f  the  San  Clemente  Island  Block  Area. 
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FIG.  34.  Residual  Magnetic  Anomaly  Map  c 
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FIG.  35.  Reconnaissance  Survey  Profiles. 

i)  Profile  47,  Showing  Seafloor  (1)  and  Comparatively  Gentle  Slope  in  This  Area,  Unit  B,  Unit  C,  and  Unit  D.  Note  area  at  D-C-D, 
representing  graben  and  area  of  change  from  northeasterly  striking  faults  that  intersect  with  northwesterly  striking  faults. 

>)  Profile  52,  Showing  Seafloor  (1)  and  General  Area  of  Volcanic  High  That  Also  Represents  a  Major  Magnetic  High  in  This  Region, 
Plus  Unit  B,  Unit  C,  and  Unit  D. 
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(Fig.  35a-b)  and  by  Fig.  20.  The  low  is  shifted  slightly  to  the  south  of  the  major  pre-orogenic 
surface  depression. 

The  principal  high  off  West  Cove  was  recognized  by  Emery  (Ref.  6),  Harrison  and 
von  Huene  (Ref.  38),  and  Harrison,  et  al.  (Ref.  25).  According  to  the  latter  reference,  the 
maximum  positive  anomaly  should  occur  off  the  southwest  corner  of  the  block  if  a  large 
proportion  of  the  volcanic  rocks  comprising  the  San  Clemente  Island  block  is  responsible 
for  the  magnetic  anomaly  in  the  first  place.  In  this  connection,  note  that  the  maximum  of 
the  residual-map  high  is  positioned  at  the  bathymetric  exposure  of  the  volcanic  high  off 
West  Cove  and  has  a  relatively  steep  magnetic  gradient  along  the  north  slope.  The  east-west 
“wings”  of  the  residual  high  may,  however,  correspond  to  a  deeper  source  (Ref.  25).  This 
deeper  source  is  presumed  even  though  the  near-surface  rocks  undoubtedly  contribute  some¬ 
thing  toward  an  anomaly;  these  authors  postulate  a  depth  of  6  kilometers  to  the  top  of  such 
a  positive  anomaly,  but  admit  that  an  infinite  number  of  shallower  magnetic  bodies  could 
be  developed  to  fit  equally  well.  According  to  Emery  (Ref.  6),  the  magnetic  intensity  of 
this  high  is  greater  than  that  encountered  over  outcrops  of  granodiorite  and  must  therefore 
represent  rock  of  more  basic  composition. 

The  flexures  in  the  contours  to  the  southeast  of  the  major  positive  anomaly  (Fig.  32  and 
33)  correspond  to  the  general  northeast-trending  fault  pattern  along  this  part  of  the  west 
side  of  the  island.  A  noticeable  flexure  near  Eel  Point  Canyon  is  presumably  related  to 
canyon  faulting  and  the  marked  change  in  the  fault  pattern  across  this  area.  A  change  in  the 
regional  anomaly  pattern  along  the  west  side  is  also  evident  across  the  canyon  area  on  the 
residual  map. 

The  compression  of  northeast-trending  contours  southeast  of  Lost  Point  closely  corre¬ 
sponds  to  the  northwest-trending  volcanic  rock  high  noted  in  the  bathymetry  and  seismic 
profiles  for  this  area.  Figure  34  has  a  positive  anomaly  closely  allied  with  this  high.  The 
negative  anomaly  immediately  to  the  southeast  aligns  with  a  northwest  structural  trend 
(Fig.  13  and  16)  southwest  of  China  Point.  The  negative  anomaly  is  closely  identified  with 
the  northwest-striking  faults  and  structural  lineations  interpreted  for  this  area,  but  the 
anomaly  possibly  relates  to  the  change  from  thin  to  thick  parts  of  Unit  C  and  the  corre¬ 
sponding  volcanic  rock  highs  and  depressions  shown  by  the  seismic  profiles. 

The  origin  of  the  small,  positive  residual  anomalies  at  the  central  and  southern  parts  of 
the  island  (Fig.  34)  is  not  known.  It  is  possible  that  deeper  (thicker)  masses  within  the  vol¬ 
canic  rock  sequence,  or  in  zones  of  higher  magnetic  susceptibility,  are  responsible.  Curiously, 
the  positive  anomaly  in  the  central  area  corresponds  to  a  compression  of  the  contours  (Fig.  1 
of  Ref.  39).  This,  in  turn,  coincides  with  the  dacite  flow  on  the  island.  Since  the  magnetic 
properties  of  the  island’s  volcanic  rocks  have  not  been  measured,  it  is  not  known  whether 
this  anomaly  is  related  to  the  dacite  flows. 

The  pronounced,  elongated  negative  anomaly  along  the  eastern  margin  of  the  island  tends 
to  conform  to  the  post-orogenic  surface  and  sediment  fill  trends  (Fig.  21  and  15).  Major 
flexures  in  the  contours  are  present  where  the  complex  zone  of  faulting  and  crustal  blocking 
occurs  between  the  Emery  Seaknoll  and  the  island.  The  general  tendency  for  a  more  positive 
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magnetic  trend  southeastward  is  probably  related  to  a  gradual  surfacing  of  the  magnetic 
source,  as  well  as  to  the  presence  of  the  Emery  Seaknoll  and  Southern  Plateau  volcanic  rock 
highs.  A  slight  negative  anomaly  (Fig.  34)  marks  the  elongated  sediment  basin  between  the 
highs. 

The  author  suggests  that  the  steep  magnetic  gradient  off  the  San  Clemente  Escarpment 
is  the  product  of  (1)  the  margin  of  the  mass  of  volcanic  flows;  (2)  the  postulated  deep  basic 
mass  related  to  the  large  positive  anomaly  off  West  Cove;  and  (3)  major  faulting  that  has 
cut  both  the  mass  of  volcanic  rocks  and  the  deeper  and  probably  more  basic  rock  type. 

Gravity.  There  were  very  few  published  data  on  gravity  measurements  for  the  southern 
California  region  until  1957  (Ref.  6).  Since  that  time,  and  particularly  in  recent  years 
(Ref.  25,  38,  and  40),  considerable  surface-ship  gravity  work  has  been  done  for  much  of 
the  northern  Continental  Borderland. 

Gravity  data  combined  with  those  of  seismic  refraction  aid  in  the  solution  of  the  gravity 
profile  (Ref.  15  and  18).  Harrison  and  von  Huene  (Ref.  38)  and  Harrison,  et  al.  (Ref.  25), 
have  based  much  of  their  gravity  interpretations  for  the  Continental  Borderland  on  the 
seismic  refraction  data  of  Shor  and  Raitt  (Ref.  36). 

The  San  Clemente  Island  block  is  interpreted  as  an  igneous  feature,  specifically  a  thick 
mass  of  volcanic  rocks  with  sharp  boundaries  possibly  caused  by  faulting  (Ref.  38).  Shor 
and  Raitt’s  northeast-southwest  cross  section  (Fig.  2  of  Ref.  36)  shows  a  cutoff  of  their 
4.6-km/sec  velocity  layer  along  the  northeast  side  of  the  block.  The  4.6-km/sec  layer  is 
considered  normal  for  either  volcanics  or  consolidated  sediments  by  these  authors.  The  in¬ 
terpreted  thickness  for  this  layer  is  roughly  1 .5  kilometers. 

San  Clemente  Island  is  the  only  topographic  high  in  the  region  that  is  not  associated  with 
a  major  Bouguer  anomaly.  This  lack  is  attributed  to  the  vesicular  texture  or  low  density  of 
the  andesitic  rocks  postulated  for  the  upper  part  of  the  island  block  (Ref.  38). 

Seismicity.  The  Pacific  Coast  region  of  North  America,  a  part  of  the  circum-Pacific 
orogenic  belt,  is  considered  one  of  the  major  seismic  areas  of  the  world.  Richter  (Ref.  41) 
has  sectioned  this  region  into  several  seismic  provinces.  San  Clemente  Island  is  located 
within  the  offshore  province  south  of  the  Channel  Islands. 

Most  earthquake  epicenters  of  the  southern  California  region  are  concentrated  in  the 
land  areas.  The  greatest  seismic  activity  in  the  northern  Continental  Borderland  has  been 
in  the  San  Pedro  Basin  area  (Fig.  36)  next  to  a  similar  concentration  on  land.  The  curves 
of  Fig.  37a-b  show  that  the  frequency  of  shock  occurrence  increases  moderately  from  San 
Clemente  Island  out  to  roughly  60  kilometers,  and  then  markedly  from  60  to  90  kilometers 
from  the  island  center.  This  phenomenon  results  mostly  from  a  marked  increase  in  activity 
within  the  San  Pedro  Basin.  The  shoreward  concentration  tends  to  give  a  misleading  aspect 
to  any  analysis  of  epicenter  occurrence  versus  distance  from  the  island.  The  greatest  con¬ 
centration  of  epicenters  within  40  kilometers  occurs  near  and  off  the  southeastern  part  of 
the  island.  The  relatively  high  activity  in  this  area  is  noted  in  the  southern  California  region 
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FIG.  36.  Epicenter  Map  of  Earthquake  Shocks  Within  90-Kilometer  Radius  of  San  Clemente  Island. 

More  than  one  shock  indicated  by  number  at  location.  Map  center  taken  to  be  32°55,N,  118°30,W. 

Circles  represent  10-km  intervals. 

strain-release  map  of  Allen,  et  al.  (Ref.  42).  Note  that  the  two  shocks  of  magnitude  greater 
than  5.0  (Richter  scale)  in  the  entire  compiled  data  occurred  close  to  the  island,  one  at 
Pyramid  Head  and  the  second  at  a  point  37  kilometers  southwest  of  China  Point. 

A  period  of  relatively  low  seismic  activity  has  been  observed  in  the  northern  Continental 
Borderland  since  the  latter  1930’s  (Fig.  37a).  An  increase  in  such  activity  has  been  noted 
recently,  but  may  be  only  momentary.  By  way  of  comparison,  the  curve  of  Fig.  37b  shows 
that  seismic  activity  in  the  area  closer  to  the  island  is  more  cyclical  in  nature,  but  still  sug¬ 
gests  a  possible  upswing  at  the  present.  The  40-kilometer  range  in  Fig.  36  was  selected  to 
cover  only  the  area  of  major  faults  believed  to  be  closely  related  to  the  San  Clemente  Island 
block  structure. 
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NO.  OP  EARTHQUAKES  WITHIN  90  KM 


Figure  38  shows  the  cyclical  nature  of  the  number  of  shocks  versus  time.  Figure  39  is 
similar,  but  suggests  that  the  study  area  may  be  in  a  period  of  momentary  quiescence. 

Earthquake  shocks  of  lower  magnitude  occur  less  frequently  per  unit  area  in  the  northern 
Continental  Borderland  than  in  adjacent  land  areas  (Fig.  40).  A  slightly  higher  tendency  is 
noted  for  those  shocks  in  the  5-to-6  magnitude  range. 


5-YR  INCREMENTS  (EXCEPT  LAST) 

FROM  1934  S-YR  INCREMENTS 

(a)  (b) 

FIG.  38.  Frequency  of  Earthquake  Shock  Occurrence 
Versus  Time  in  Increments  of  5  Years. 

(a)  90-km  Range  From  San  Clemente  Island. 

(b)  40-km  Range  From  San  Clemente  Island. 
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NO.  OF 


NUMBER  OF  EARTHQUAKES  PER  YEAR  PER  1.000  KM 


Attempts  to  correlate  earthquake  epicenters  with  known  and  inferred  geologic  structures 
in  the  southern  California  region  have  been  made  by  many  authors  (e.g.,  Ref.  6,  30,  43,  and 
44).  Earthquakes  associated  with  the  San  Clemente  fault,  the  Agua  Blanca  fault,  and  the 
San  Andreas-Gulf  of  California  rift  zone  are  frequent  and  large.  Extensive  deformations  are 
probably  occurring  along  these  zones  (Ref.  10). 

Evidence  of  very  recent  fault  activity  has  been  noted  on  several  of  the  seismic  profiles 
along  the  eastern  side  of  the  island.  Certain  offsets,  as  well  as  a  change  of  dip  in  the  post- 
orogenic  sediments  at  the  seafloor  (Fig.  41),  are  readily  aligned  with  inferred  faulting  in  the 
area.  Some  of  these  features  may  have  resulted  from  sedimentation  processes  (for  example, 
channeling,  onlap,  and  compaction),  but  fault  alignment,  apparent  lack  of  levees,  and  the 
equivalent  elevation  of  some  features  across  the  profiles,  tend  to  favor  the  fault  interpreta¬ 
tion.  Some  offsets  at  the  bases  of  slopes  suggest  fault  rejuvenation,  with  the  shoreward 
slope  representing  a  resurgence  of  sedimentation.  Periodic  fault  rejuvenation  is  also  sug¬ 
gested  on  the  profiles  (Fig.  9b)  by  a  downward  convexity  in  the  reflectors  at  depths  below 
the  seafloor  in  the  San  Clemente  fault  zone.  However,  differential  compaction  could  also 
account  for  at  least  part  of  this  downwarping.  The  close  relationship  between  the  inferred 
recent  fault  activity  and  the  epicenter  locations  in  the  area  of  study  is  illustrated  in  Fig.  42. 
The  greatest  concentration  of  these  features  is  obviously  along  the  San  Clemente  fault  zone 
(Fig.  17d).  The  only  epicenter  in  the  study  area  west  of  the  island  is  close  to  the  major 
complementary  fault  outlining  the  western  margin  of  the  island  block.  Recent  fault  activity 
is  not  apparent  in  the  basin  sediments  northwest  of  the  Emery  Seaknoll. 

The  evidence  above  suggests  that  the  area  from  the  Rift  Valley  to  the  Emery  Seaknoll 
along  the  main  fault  zone  is  presently  adjusting  to  local  stress  inequalities  related  to  move¬ 
ment  along  the  San  Clemente  fault. 


SEDIMENT  TRANSPORT  AND  DEPOSITION 
SEDIMENTARY  STRUCTURE 

Structural  ramifications  of  various  sedimentary  processes  are  averaged  by  the  limitations 
of  resolution  in  the  reflection-profile  method,  so  that  the  predominant  process  causing  strat¬ 
ification  emerges  as  the  basis  of  the  recorded  internal  structure  (Ref.  1 1).  A  fundamental 
assumption  is  that  the  reflections  from  strata  of  turbidity-current  deposits  will  characterize 
low  bathymetric  areas  and  show  apparent  truncation  of  the  sediments  against  bathymetric 
highs  or  even  gentle  slopes.  Sediments  of  hemipelagic  origin  will  not  uniformly  blanket 
sharp  or  irregular  highs,  particularly  in  areas  of  pronounced  currents.  These  sediments  will 
drape  over  the  more  gentle  highs,  with  no  sharp  truncation  of  the  sediments  in  areas  of 
mostly  low  current  velocities.  Turbidity-current  sediments  that  show  curvature  by  com¬ 
paction  may  be  differentiated  from  the  hemipelagic  type  by  the  direction  and  magnitude  of 
curvature  and  the  retention  of  truncation  against  the  bathymetric  highs.  These  seismic- 
profile  properties  of  hemipelagic  and  turbidity-current  deposits  are  illustrated  clearly  by 
Hamilton  (Ref.  45). 
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>  seafloor  (1)  suggest  recent  fault  activity  affecting  Unit  X  sediments; 
seafloor  and  veneer  of  Unit  X  sediments  (3). 
rofile  14. 
rofile  15. 
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POST-OROGENIC  SURFACE 


FIG.  42.  Recent  Fault  Activity  and  Epicenter  Locations  in  San  Clemente  Island  Block  Area.  More  than  < 


itions  in  San  Clemente  Island  Block  Area.  More  than  one  shock  indicated  by  number  next  to  location. 
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Moore  (Ref.  1 1)  postulates  a  relatively  insignificant  contribution  of  sediment  of  hemi- 
pelagic  origin,  as  compared  to  that  deposited  by  turbidity  currents.  Probably  no  more  than 
15%  of  the  total  thickness  of  Continental  Borderland  post-orogenic  basin  sediments  is  of 
hemipelagic  origin. 

SAN  CLEMENTE  ISLAND  BLOCK 

The  major  post-orogenic  sediment  fill  forming  the  valley  floor  adjacent  to  the  San  Clemente 
Escarpment  is  mostly  well  defined  on  the  seismic  profiles,  and  appears  to  be  continuously 
bedded  within  units  defined  by  the  two  and  possibly  three  unconformities  (Fig.  43a-b).  Some 
trough  zones  have  been  partially  to  completely  filled  by  sediment  (Fig.  10);  some  have  over¬ 
flowed  to  form  a  continuation  with  the  broader  basin  areas.  An  exception  is  the  apparently 
bare  trough  formed  by  a  N35°  W-striking  fault  immediately  off  the  escarpment  to  the  south¬ 
east  of  Pyramid  Head  (Profile  26,  Fig.  10).  Differences  in  elevation  of  some  of  the  troughs 
are  also  noted  in  the  figure.  The  trough  areas  apparently  act  as  sediment  traps  and  often  as 
dispersal  paths  for  terrigenous  material  derived  from  the  slopes  of  the  island  block. 

Near-horizontal  deposits  in  the  basin  and  trough  areas  off  the  east  side  of  the  island  are 
considered  partly  of  turbidity-current  origin.  Interpretation  of  the  study-area  seismic  pro¬ 
files,  unpublished  data  on  cores  taken  by  the  U.  S.  Naval  Civil  Engineering  Laboratory 
(NCEL),  Port  Hueneme,  Calif.,  and  analysis  of  other  cores  of  the  area  by  Gaal  (Ref.  7),  are 
the  bases  for  this  conclusion.  Five-foot  cores,  taken  along  the  San  Clemente  fault  zone  and 
analyzed  by  NCEL,  contain  horizontal  layers  of  sand  and  silt  graded  upward  into  clay  and 
containing  sharply  defined  lower  contacts.  Other  coarse  to  very  coarse  sand  layers  contain 
shell  debris,  mineral  grains,  and  small  rock  fragments,  which  suggest  other  than  a  hemipelagic 
or  pelagic  origin  of  deposition  for  these  layers.  Foraminifera  in  some  of  the  better-defined, 
coarser  sand  layers  are  a  mixture  of  both  shallow-  and  deep-water  species.3  One  core 
(AHF  8320,  Fig.  44,  and  Appendix  C)  contained  graded  bedding  of  sand  and  silt  layers  with 
very  abundunt  mica,  which  is  suggestive  of  displaced  shallow-water  sediments.  Some  of  the 
coarse,  shelly  sand  layers  taken  at  the  base  of  the  escarpment  undoubtedly  resulted  from 
submarine  slides.  However,  the  sand  and  silt  layers  with  sharply  defined  bases  in  cores 
taken  at  the  base  of  the  escarpment  may  have  resulted  from  submarine  slides;  the  sand  and 
silt  layers  that  have  sharply  defined  bases  and  grade  upward  into  clay  suggest  deposition  by 
turbidity  currents. 

By. contrast,  evidence  for  leveed  channels  at  the  seafloor  (Ref.  22  and  45)  is  not  apparent 
in  any  of  the  reflection  profiles  to  suggest  that  turbidity  currents  have  been  recently  active. 
Some  channel-like  seafloor  depressions  contained  in  the  profiles  are  presumed  to  have  been 
caused  by  recent  fault  activity.  It  is  conceivable  that  some  of  these  features  may  have  been 
maintained  by  turbidity-current  flows,  and  that  a  lack  of  profile  resolution  has  masked  any 
evidence  of  levees. 
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Personal  communication  from  J.  Warme,  Rice  University,  Houston,  Tex. 
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FIG.  44.  Core  Location  Map. 


Map. 


Disproportional  sediment-layer  thicknesses  adjacent  to  the  escarpment  suggest  fan  or 
apron  deposits  that  result  from  recurrent  faulting  along  the  island  block  followed  by  sand  or 
turbidity-current  flows. 

SEDIMENT  TRANSPORT  AND  DEPOSITIONAL  DISTRIBUTION 

Some  conclusions  as  to  the  probable  evolution  of  post-orogenic  deposition  can  be  drawn 
from  bathymetry  and  from  an  examination  of  the  surface  distribution  of  Unit  X.  The  fol¬ 
lowing  sediment  transport  and  depositional  distribution  is  proposed  to  satisfy  the  structure 
and  the  bathymetric  conditions  inferred  by  the  seismic-reflection  profile  data. 

The  northeasterly  structural  and  bathymetric  trend  across  the  island  and  Emery  Seaknoll 
is  apparent  in  Fig.  45  by  the  general  northwest-to-southeast  change  of  transport  direction 
between  the  Emery  Seaknoll  and  the  island.  A  greater  volume  of  post-orogenic  sediments 
is  present  off  the  northeastern  two-thirds  of  the  island  (Fig.  1 5).  The  elevation  in  the  area 
of  the  intersection  of  Profiles  I,  J,  and  K  (Fig.  46),  and  that  of  most  of  the  profiles  to  the 
southeast,  is  shown  to  be  considerably  higher  than  along  Profiles  B,  C,  D,  and  E.  Much  of 
the  sediment  derived  from  the  slopes  off  the  southeastern  (Pyramid  Head)  end  of  the  island 
block  has  been  carried  to  the  southeast,  as  indicated  by  the  southeastern  plunge  of  Pro¬ 
files  G,  H,  and  L.  A  later  structural  cutoff  of  transport  to  the  south  is  suggested  by  the 
elevation  difference  between  the  northern  ends  of  Profiles  H  and  L  and  the  intersection  of 
Profiles  I,  J,  and  K. 

A  change  of  sediment  transport  direction  from  northwest  to  north-northeast  is  noted 
along  the  main  San  Clemente  fault  zone  at  the  intersection  of  Seismic  Profile  2  and  Eleva¬ 
tion  Profile  B  (Fig.  3  and  45).  For  structural  reasons,  much  of  the  present  sediment  trans¬ 
port  in  this  area  is  to  the  northeast  of  the  basin  area  off  Wilson  Cove,  where  it  terminates  in 
the  Santa  Catalina  Basin. 

At  present,  it  is  unlikely  that  any  sediment  from  the  island  block  is  carried  to  the  Santa 
Catalina  Basin  through  the  area  between  the  Emery  Seaknoll  and  the  Southern  Plateau. 
Some  sediment  transport  may  be  directed  off  the  west  side  of  the  Southern  Plateau  and 
southward  into  the  Rift  Valley,  but  elevation  differences  suggest  that  major  sediment  trans¬ 
port  from  the  island  source  must  be  to  the  structural  depression  between  the  Emery  Sea¬ 
knoll  and  the  Southern  Plateau. 

The  lack  of  sediment  in  the  trough  southeast  of  Pyramid  Head  is  attributed  either  to 
fault  control  that  cut  off  the  main  supply  from  the  island,  or  to  very  recent  faulting  that 
has  not  yet  led  to  the  development  of  an  appreciable  volume  of  sediment.  The  latter  ex¬ 
planation  appears  more  likely,  since  some  smaller  depressed  areas  containing  fill  are  now 
cut  off  (relatively)  and  elevated  above  surrounding  low  areas. 

Slope  conditions  and  deposit  shapes  indicate  that  most  of  Unit  X  along  the  west  side  of 
the  island  block  is  a  series  of  fan-apron  deposits  (Fig.  14b,  15,  45,  and  47a-b)  that  are,  for 
the  most  part,  structurally  controlled.  These  deposits  appear  to  terminate  mainly  at  the 
principal  fault-zone  trough  paralleling  the  west  side  of  the  island  block. 
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FIG.  45.  Postulated  T  rajectories  of  Sediment  Flow  and  Deposition  (Arrows)  Based  on  Bathymetric  Elevation 
L-L  lie  principally  along  trough  zones.  Dashed  arrows  show  downslope  trend  off  bathymetric  highs.  Sedimei 
in  some  profiles,  particularly  on  the  steeper  slopes  and  over  the  northwestern  part  of  the  San  Clemente  fault  z 
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tion  Differences.  Cross-section  lines  A-A  through 
iment  overflow  from  relatively  low  areas  is  noted 
ult  zone. 


FIG.  47a.  Reconnaissance  Survey  Profile  34  Showing  Seafloor  (1),  Unconformity  Between  Unit  X  and  Unit  C,  in  Which  Unit  X 
Is  Typically  a  Fan  Deposit  in  the  Area  of  Study  Along  This  Side  of  the  Island  (2);  Unit  B;  Unit  C;  and  Unit  D. 


FIG.  47b.  Reconnaissance  Survey  Profile  36  Showing  Seafloor  (1),  Units  B,  C,  and  D,  as  Well  as  the  Elongated  Volcanic  High 
With  a  Probable  Fault  Offset  at  the  Crest  (2). 


The  structural  ridge  about  8  kilometers  off  Mail  Point  is  assumed  to  have  diverted 
earlier  canyon-derived  sediment  southwesterly  to  the  San  Nicolas  Basin.  Subsequent  fill  to 
the  north  of  this  high,  and  possibly  structural  change,  has  allowed  a  more  recent  southerly 
transport  from  the  canyon  (Fig.  15  and  20;  Fig.  45,  Cross-Section  A-A'). 


SEDIMENT  ANALYSES 

An  aerial  distribution  of  the  phi-mean  size  of  surface  sediments  taken  from  bottom 
samples  and  the  tops  of  cores  (Fig.  44  and  48;  also  Appendix  C)  permits  a  supplementary 
analysis  of  sediment  transport  trends  and  variations. 

The  general  distribution  of  the  finer  sediments  (6  to  8  phi)  to  the  north  and  south  of  the 
Emery  Seaknoll-San  Clemente  Island  northeast-trending  bathymetric  and  structural  high  is 
shown  in  Fig.  48.  The  finer  sediments  occupy  much  of  the  lower  areas.  A  marked  coarser- 
sediment  “saddle”  separates  the  major  6-to-8  phi-mean  areas.  Toward  the  basin  and  the 
finer-sediment  zones,  fingerlike  projections  off  the  escarpment  are  noted.  These  projections 
are  believed  to  represent  the  general  direction  of  sediment  transport.  This  belief  is  based  on 
the  interpretation  of  turbidity-current  and  sand-flow  origin  for  much  of  these  sediment  de¬ 
posits  and  the  diameter  of  detrital  sediments  normally  decreasing  with  increased  depth  and 
distance  from  shore  or  source  (e.g.,  Ref.  46  and  47). 

The  very  fine  (greater  than  8  phi)  sediment  zone  on  the  escarpment  off  the  northeast 
side  of  the  island  probably  resulted  from  a  predominance  of  hemipelagic  deposition.  Seismic 
profiles  in  this  area  indicate  a  relatively  uniform  slope  marked  by  only  a  few  shallow  de¬ 
pressions.  The  slope  is  therefore  protected  from  disturbances  along  main  sediment-transport 
channels.  It  is  also  conceivable  that  this  part  of  the  slope  has  not  reached  the  point  of  in¬ 
stability  required  for  slope  failure  (Ref.  48). 

k 

The  postulated  sediment  transport  along  the  direction  of  Elevation  Profiles  I  and  K  to 
the  intersection  of  Profiles  I,  J,  and  K  is  suggested  by  the  southeastward  projection  of  the 
6-to-8  phi-mean  zone  in  this  area.  The  trend  of  the  fine  sediment  northeastward  along  Pro¬ 
file  J  to  the  depression  between  the  Emery  Seaknoll  and  the  Southern  Plateau  is  interrupted 
in  one  area  by  coarser  sediments  projecting  off  the  Southern  Plateau.  Recent  sediment 
flows  off  the  Southern  Plateau  are  postulated  to  account  for  this  interruption. 

The  fine  (6  to  8  phi)  sediments  deposited  at  the  western  end  of  the  Southern  Plateau 
are  believed  to  be  primarily  hemipelagic  in  origin.  A  trend  toward  coarser  sediment  off  the 
west  and  north  sides  of  this  plateau  presumably  results  from  the  mixing  of  pelagic  and  flow- 
type  sediments  that  culminate  in  the  trough  represented  by  Profile  L.  A  similar  trend  is 
noted  off  the  sides  of  the  Emery  Seaknoll. 

Although  the  isopleths  off  the  southern  end  of  the  island  are  based  on  few  data,  the 
presence  of  finer  sediments  in  the  area  shown  suggests  relatively  inactive  sediment  transport 
(stable  slopes).  Hemipelagic  deposition,  more  gentle  bathymetric  slopes,  and  possibly  a 
change  in  water-current  velocity  by  shoreward  refraction  around  this  end  of  the  island  are 
the  controlling  factors  for  deposition  in  this  area.  The  high  percentage  of  clay-  and  silt¬ 
sized  material  in  the  samples  of  this  area  support  this  argument. 
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FIG.  48.  Phi-Mean  Distribution  Map  Based  on  Uppermost  Section  of  Cores  (East  and  South  Sides  of  Islan 
Snapper  Samples  (West  Side  of  Island)  From  Detailed  Survey  Leading  to  This  Report. 


- ISOPLETH  LINE, 

INTERVAL  2* 

(DASHED  WHERE  UNCERTAIN! 


Analysis  of  the  detailed-survey  bottom  samples  (see  Part  1,  Fig.  5)  indicates  the  following: 

1 .  At  present,  Eel  Ridge  Canyon  is  a  relatively  inactive  route  of  transported  sediment. 
The  isopleths  of  this  area  suggest  that  southeasterly  flowing  and  longshore  water 
currents  are  transporting  the  coarser  sediment  toward  Eel  Ridge,  while  the  finer 
sediments  are  carried  out  over  the  canyon  to  settle  in  its  depths  (as  shown  by  the 
3-to-5  phi-mean  isopleths). 

2.  The  configuration  of  the  isopleths  immediately  to  the  south  of  Eel  Ridge  Canyon 
conforms  to  a  generally  seaward  sediment  transport  off  the  sides  of  the  bathymetric 
ridge  in  this  area,  as  well  as  to  the  major  gully  incising  the  wave-cut  terrace  off 
Seal  Cove. 

3.  Relict,  residual,  or  both  types  of  sediment  (Ref.  46)  may  be  present  from  the 
middle  to  the  outer  part  of  the  wave-cut  terrace.  Figure  48  shows  a  zone  of  rela¬ 
tively  coarse  sediments  that  interrupts  the  general  seaward  trend  of  progressively 
finer  sediments  across  the  terrace;  however,  a  heavy  concentration  of  biogenous 
material  possibly  accounts  for  this  phenomenon.  Only  a  few  terrace  samples  are 
available  for  study.  Nevertheless,  analyses  of  the  samples  reveal  a  grain-size  distri¬ 
bution  that  suggests  the  presence  of  residual  or  relict-type  sediment.  Figure  49a-c 
shows  a  tendency  for  an  increase  in  terrigenous  material  at  the  outer  part  of  the 
terrace.  This  is  countered  by  an  increase  in  biogenous  content  (mostly  Foramin- 
ifera)  and  a  corresponding  increase  of  grain  size  toward  the  center  of  the  terrace 
(Fig.  49b,  50).  However,  the  increase  in  phi-mean  grain  size  toward  the  outer  part 
is  associated  with  a  trend  toward  a  pure  sand-size  material  with  less  biogenous  con¬ 
tent.  The  tendency  for  a  higher  silt  content  in  the  middle  of  the  terrace  corre¬ 
sponds  to  an  increase  of  terrigenous  silt.  The  increase  of  sand-size  material  at  Q10 
results  partially  from  the  presence  of  very  scattered  and  well-rounded,  frosted 
quartz  grains  (eolian?).  The  presence  of  this  type  of  sediment  only  at  the  middle 
of  the  terrace  suggests  that  it  is  probably  residual,  particularly  since  there  has  been 
a  major  truncation  of  Miocene  sediments  with  some  outcrops  present  across  part 
of  the  terrace. 

4.  The  coarser  sediments  noted  immediately  off  the  terrace  probably  result  from 
erosion  by  sediment  transport  along  gullies  cut  normal  to  the  outer  part  of  the 
terrace. 
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TOTAL  BIOGENOUS  MAJOR  MEAN 

MATERIAL  (A)  CONSTITUENTS  DIAMETER 


A  -  TOTAL  BIOGENOUS  MATERIAL 

B  -  FORAMINIFERA  ]00s 

C  -  SHELL  FRAGMENTS  CLAY 


FIG.  49.  Trends  of  Certain  Sediment  Parameters  From  the  Wave-Cut  Terrace  Samples  off  Mail  and  Lost  Points. 
Trends  may  be  noted  for  (a),  (b),  and  (c)  in  a  general  seaward  direction. 

(a)  Cumulative  Percent  of  Sample  Clastic  Content. 

(b)  Phi-Mean  Diameter  Graph. 

(c)  Ternary  Diagram  of  Sediment  Types. 
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FIG.  50.  Polymodal  Distribution 
Samples  off  Mail  and  Lost  Points 
ficd  by  Roman  numerals.  The  cur 


symmetrical  and  are  approximate! 
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CONCLUSIONS 


Certain  geologic  features  and  the  structure  of  the  San  Clemente  Island  block  have  been 
resolved  with  continuous  acoustic  reflection  profiles  augmented  by  seafloor  samples.  The 
more  important  of  these  relationships  are  summarized  below. 

1.  Bathymetry,  as  interpreted  from  the  seismic  profiles,  differs  from  that  shown  by 
charts  such  as  U.  S.  Coast  and  Geodetic  Survey  5111  because  of  a  better  definition  of 
structural  trends  shown  by  elongated  highs  and  depressions  that  often  have  linear  outlines 
along  the  seafloor. 

2.  A  sequence  of  five  sediment  and  rock  units  has  been  identified,  ranging  from  Middle 
Miocene  to  Recent.  These  are  referred  to  as  Units  A,  B,  C,  D,  and  X.  Unit  A  is  a  sediment 
cover  of  Recent  and  possibly  also  Late  Pleistocene  age.  Unit  B  represents  a  post-Miocene, 
probably  Pliocene-Pleistocene,  accumulation  of  debris  derived  mainly  from  island  canyons. 
Microfossils  from  submarine  limestone  outcrops  indicate  a  Middle  Miocene  age  for  Unit  C. 
Unit  D  is  the  offshore  equivalent  of  the  Miocene  volcanic  rocks  exposed  on  the  island.  The 
fifth  unit  (X)  is,  except  for  fan  and  apron  deposits  off  the  west  side  of  the  island,  considered 
a  post-orogenic  deposit  off  the  island  block  and  is  primarily  an  equivalent  to  Units  A  and  B. 

3.  In  most  areas,  the  offshore  fault-strike  pattern  is  related  to  that  on  the  island.  The 
main  exception  is  the  San  Clemente  fault  zone,  delineated  along  the  east  side  of  the  island 
only  by  the  San  Clemente  Escarpment. 

4.  The  structural  pattern  of  the  island  block  appears  to  conform  to  the  wrench-fault 
system  hypothesized  by  Moody  and  Hill  (Ref.  29)  but  modified  by  a  general  north-south 
tensile  fracturing.  The  latter  feature  may  be  related  to  (a)  pure  lateral  extension;  (b)  up¬ 
ward  bowing  of  the  island  block;  (c)  a  shear-couple  effect;  or  (d)  a  combination  of  these 
properties.  The  combination  is  thought  to  be  the  inclusive  cause  for  all  those  faults  believed 
to  be  of  a  tensional  nature.  There  are  alternate  possibilities,  for  which  a  few  faults  may  be 
explained  by  either  shear  or  tension. 

5.  The  San  Clemente  fault  zone  shows  properties  of  lateral  (wrench)  faulting,  and  is 
considered  to  be  the  primary  right-lateral  wrench  fault  for  the  studied  area,  based  on  the 
model  for  wrench  faulting  proposed  in  this  study. 

6.  Anomalous  trends  in  isopach  maps  of  the  sedimentary  units  and  structure  contour 
maps  on  some  units  tend  to  substantiate  the  offshore  pattern  of  faulting.  This  faulting, 
along  with  the  effects  of  erosion,  is  reponsible  for  a  major  unconformity  between  Units  B 
and  C.  Some  evidence  suggests  a  hiatus  between  Units  C  and  D. 

7.  In  general,  faulting  appears  to  have  affected  both  Units  C  and  D.  Two  faults  are 
shown  to  have  affected  Unit  B,  but  other  evidence  indicates  that  incompetency  within 
Unit  B  may  be  responsible  for  the  lack  of  fault  evidence  on  the  profiles. 
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8.  The  San  Clemente  Rift  Valley  to  the  southeast  of  the  island  is  postulated  to  have  re¬ 
sulted  from  “cross-strike  separation”  related  to  right-lateral  movement  along  the  gradual 
curvature  of  the  San  Clemente  fault  in  the  general  region  of  the  Rift  Valley. 


9.  A  canyon  off  Eel  Point  is  believed  to  be  caused  mainly  by  pivotal  faulting  that  is  not 
evident  on  the  island.  The  canyon  represents  a  transition  zone  for  different  structural  trends 
north  and  south  of  the  canyon.  Visual  surveys  and  sediment  data  suggest  that  this  canyon 

is  not  presently  involved  with  sediment  transport  by  turbidity  currents.  (See  Part  1 .) 

10.  A  major  offshore  terrace  that  surrounds  the  island,  and  is  prominent  along  the  west 
side,  is  postulated  to  have  been  cut  during  Late  Pleistocene-Holocene  time  as  a  consequence 
of  the  glacio-eustatic  lowering  of  the  sea  level.  This  terrace,  about  1  20  meters  below  sea 
level  along  the  west  side  and  about  90  meters  below  sea  level  along  the  east  side,  shows  a 
tilt  of  the  island  block  by  Recent  tectonism.  Local  faulting  has  affected  the  level  of  the 
terrace,  along  with  a  combination  of  northeasterly  upward  tilting  and  northwestward  down¬ 
ward  tilting.  The  net  tilt  to  the  west  is  probably  associated  with  upward  bowing  of  the 
island  block  in  response  to  lateral  compression  under  a  shear  couple  encompassing  the 
island  block. 

1 1 .  The  strong  trend  of  inferred  tensional  faulting  suggests  that  some  rotational  type 

of  stress-strain  mechanism,  such  as  a  shear  couple,  is  responsible  for  this  tensional  nature  of 
the  fault  pattern. 

12.  The  lack  of  strong  primary  folding  of  the  island  block  implies  a  lack  of  the  large 
component  of  compression  normal  to  a  primary  shear  fracture. 

13.  A  steep  magnetic  gradient  off  the  San  Clemente  Escarpment  is  probably  the  conse¬ 
quence  of  a  combined  effect  of  (a)  the  margin  of  the  mass  of  volcanic  flows;  (b)  a  deep 
basic  mass  related  to  a  large  positive  anomaly  off  West  Cove;  and  (c)  major  faulting. 


14.  Statistical  analyses  of  earthquake  epicenters  in  the  northern  Continental  Borderland 
show  that  (a)  seismic  activity  is  relatively  low  in  the  general  region  of  study,  increasing 
toward  the  mainland;  (b)  there  is  a  tendency  for  a  period  of  momentary  quiescence  in  the 
studied  area;  and  (c)  there  is  evidence  along  part  of  the  San  Clemente  fault  zone  for  the 
association  of  recent  fault  activity  with  the  epicenters  of  this  area.  The  last  analysis  sug¬ 
gests  that  the  area  from  the  Rift  Valley  to  the  Emery  Seaknoll  is  presently  adjusting  to 
local  stress  inequalities  related  to  movement  along  the  San  Clemente  fault. 

15.  A  major  lithostructural  division,  based  upon  that  proposed  by  Moore  (Ref.  1 1),  dif¬ 
ferentiates  pre-orogenic  (Units  C  and  D)  from  post-orogenic  (Unit  X)  lithologies.  The  post- 
orogenic  sediments  are  believed  to  have  followed  certain  major  transportation  channels  by 
means  of  turbidity  currents,  sand  flows,  and  slides,  and  to  have  been  deposited  in  basin  lows 
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developed  by  faulting  and  folding.  Fans  and  aprons  of  post-orogenic  sediments  have  de¬ 
veloped  in  some  slope  areas,  particularly  off  the  west  side  of  the  island. 

16.  Aerial  distribution  of  the  phi-mean  size  of  seafloor  sediments  suggests  certain  direc¬ 
tions  of  sediment  transport  from  the  island  block  and  other  bathymetric  highs  of  the  study 
area.  These  directions  of  transport  and  subsequent  sediment  deposition  are  essentially  con¬ 
trolled  by  the  structural  nature  of  the  island  block  and  adjacent  depressed  areas. 

17.  Relict,  residual,  or  both  types  of  sediment  may  be  present  at  the  middle  and  outer 
part  of  the  wave-cut  terrace  along  the  west  side  of  the  island. 


RECOMMENDATIONS 


Several  recommendations  have  been  made  in  Part  1  of  this  report  relative  to  the  feasibility 
of  tunneling  in  the  detailed  survey  area.  The  following  are  based  on  the  reconnaissance  sur¬ 
vey  and  the  findings  of  Ref.  4  and  49. 

1.  It  is  strongly  recommended  that  no  attempt  be  made  to  use  the  eastern  side  of  the 
island  for  tunneling  contrary  to  the  ideal  geomorphic  nature  of  the  escarpment.  Extensive 
faulting,  slumps,  and  slides  are  known  to  exist  or  to  have  occurred  in  this  area.  These 
features,  when  considered  with  other  peculiarities  of  the  island  volcanic  rocks,  such  as  brec- 
ciation  zones  (including  fault-zone  gouges);  a  high  degree  of  randomly  oriented  jointing; 
near-vertical  jointing  in  shear  zones,  possibly  up  to  several  hundred  feet  in  width;  and  flow 
parting  in  some  of  the  flows,  tend  to  conflict  with  any  desirable  degree  of  engineering  safety. 

2.  As  stated  for  the  detailed  survey  in  Part  1 ,  it  is  considered  that  faulting  can  hardly  be 
avoided  in  any  attempt  to  tunnel  in  the  studied  area.  The  area  between  Mail  and  China 
Points  appears  to  be  the  most  favorable  for  tunneling  in  a  generally  seaward  direction  (south¬ 
westerly)  to  parallel  the  major  faults. 

3.  The  area  off  the  southern  end  of  the  island  affords  a  good  opportunity  to  follow  a 
thick  sequence  of  Unit  C.  However,  extensive  faulting  and  folding  of  these  sedimentary  rocks 
exist,  and  may  make  this  area  less  desirable  for  straight-line  tunneling.  As  a  probable  conse¬ 
quence,  a  highly  variable  salt-water  inflow  could  occur  during  tunneling. 

4.  The  major  volcanic  rock  outcrops  seaward  of  the  wave-cut  terrace  along  the  west  side 
of  the  island  are  best  outlined  in  Fig.  35b  and  47b.  If  the  tunneling  is  to  follow  massive 
structures  of  dense  volcanic  rock,  it  is  recommended  that  a  detailed  survey  of  the  four  major 
bathymetric  volcanic-rock  outcrops  be  made  to  establish  geomechanic  features  and  the  de¬ 
gree  of  surficial  sediment  cover. 
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5.  It  is  recommended  that  Unit  B  be  avoided  in  any  tunneling  attempt. 

6.  Finally,  highly  detailed  offshore  seismic  profiling,  visual  studies,  and  test-core  holes 
(Ref.  50)  should  be  made  for  any  selected  tunnel-site  area  to  ascertain  the  rock  structure 
and  physical  properties  that  will  be  encountered  in  tunneling. 
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Appendix  A 


DEPTH  AND  THICKNESS  DATA  FOR  THE  RECONNAISSANCE 

SURVEY  AREA 
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m 
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m 
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of  Unit  X, 

m 

Corrected 
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m 

Depth  to 
Unit  D, 
m 
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.0 

.0 

83.1 
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84.5 

.0 
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.0 

187.2 

262.5 

4/10 

66.6 
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.0 

.0 
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.0 

.0 
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.0 

.0 
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71.0 

.0 

.0 
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71.0 

.0 

.0 
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END  LINE  27A 
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.0 

.0 
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112.6 

38.9 

.0 

470.2 

621.7 

4/5 

200.2 

20.5 
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MILE  2 

262.4 

.0 

.0 

442,8 

705.2 

1/5 

310.1 

.0 

.0 

429.1 

739.2 

2/5 

333.8 

.0 

.0 

447.3 
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509.0 

.0 

.0 

392.6 

901.6 
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547.8 

653,1 

4/5 

109.7 

55.3 

.0 

547.8 
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.0 

47.1 

173.5 

581.1 

MILE  2 

345.5 

.0 

2b.  4 

182.6 

554.5 

1/5 

328.0 

.0 

17.6 

200.8 

546.4 

2/5 

308.5 

.0 

.0 

235.1 

543.7 

3/5 

280.1 

.0 

.0 

255.6 

535.7 

4/5 

241.8 

20.5 

.0 

223.7 

486.0 

MILL  3 

201.7 

45.1 

.0 

189.4 

436.2 

1/5 

129.0 

86.0 

.0 

210.0 

425.0 

2/5 

115.5 

84.0 

.0 

187.2 

386.7 

3/5 

111.1 

38.9 

.0 

198.6 

348.6 

4/5 

108.2 

.0 

.0 

200.8 

309.1 

MILE  4 

105.3 

.0 

.0 

13b  .  9 

242.2 

1/5 

102.1 

.0 

.0 

95.9 

197.9 

2/5 

94.8 

.0 

.0 

84.4 

179.2 

3/5 

91.8 

.0 

.0 

43.4 

135.2 

4/5 

87.5 

.0 

.0 

27.4 

114.8 

MILL  5 

83.1 

.0 

.0 

.0 

83.1 

END  LINE  34 

75.  ^ 

.0 

.0 

.0 

75.4 

34  TO  33  (1/2) 

81.2 

.0 

.0 

.0 

81.2 

LINE  35 


BEGIN  LINE  35 

66.6 

.0 

.0 

.0 

66,6 

1/3 

78.3 

.0 

.0 

16.3 

96.6 

2/3 

83.1 

.0 

.0 

45,6 

128.7 

MILE  1 

87,5 

.0 

.0 

95.9 

183.3 

1/5 

93.3 

.0 

.0 

155.2 

248.5 

2/5 

97.7 

.0 

.0 

171.2 

268.9 

3/5 

102,1 

.0 

.0 

187.2 

289.2 

4/5 

106.8 

.0 

.0 

226,0 

332.7 

MILE  2 

109.7 

.0 

.0 

221.4 

331.1 

1/5 

114.1 

49.? 

.0 

273.9 

437.1 

2/5 

121.4 

79.9 

.0 

273.9 

475.1 

3/5 

164.7 

53.3 

.0 

283.0 

501.0 

4/5 

200.2 

43.0 

.0 

148.4 

391.6 

MILE  3 

179.3 

.0 

.0 

.0 

179.3 

1/10 

152.8 

.0 

.0 

.0 

152.8 

1/5 

164,7 

.0 

.0 

.0 

164.7 

2/5 

261.0 

.0 

.0 

.0 

261.0 

3/5 

289.2 

.0 

50.0 

95.9 

435.1 

4/5 

313.0 

.0 

56.0 

118.7 

487.6 

MH£  4 

333.8 

.0 

58.9 

127.8 

520.6 

END  LIME  35 

360.5 

.0 

56 . 0 

114.1 

530.6 

90 


LEE  36 


BEGIN  LINE  36 

416. 8 

.0 

58.9 

159.8 

635.5 

1/5 

409. 8 

.0 

54.5 

63.9 

527.9 

2/5 

387.8 

.0 

.0 

.0 

387.6 

3/5 

246  •  3 

.0 

.0 

.0 

246.3 

4/5 

127.6 

.0 

.0 

.0 

127.6 

MILE  2 

134.9 

.0 

.0 

.0 

134.9 

1/5 

209.2 

.0 

.0 

.0 

209.2 

2/5 

23U.1 

.0 

.0 

82.2 

312.3 

3/5 

213.6 

14,3 

.0 

114.1 

342.1 

4/5 

190.0 

14.3 

.0 

114.1 

318.5 

MILE  3 

134.9 

81.9 

.0 

136.9 

353.8 

1/5 

O  /C 

122.3 

65.5 

.0 

127.8 

316.2 

o  /c; 

117.0 

38.9 

.0 

143.8 

299.7 

•5/  j 

114.1 

.0 

.0 

168.9 

283.0 

luffT  l?  /I 

111.1 

.0 

.0 

150.6 

261,8 

MJLUb  4 

1  /C 

108.2 

.0 

.0 

143.8 

252.0 

1/5 

0  /c: 

105.3 

.0 

.0 

136.9 

242.2 

/r 

100.6 

.0 

.0 

132.4 

233.0 

3/5 

A  /e: 

97.7 

.0 

.0 

102.7 

200.4 

4/5 

93.3 

.0 

.0 

63.9 

157.2 

MILE  5 

90.4 

.0 

.0 

45.6 

136.0 

END  LINE  36 

91.2 

.0 

.0 

.0 

81.2 

LINE  39 


40  to  39  (1/2) 

66.6 

.0 

.0 

.0 

66.6 

BEGIN  LINE  39 

50.1 

.0 

.0 

.0 

50.1 

1/5 

53.0 

.0 

.0 

.0 

53.0 

2/5 

63.7 

.0 

.0 

.0 

63.7 

3/5 

7b. 9 

.0 

.0 

.0 

76.9 

4/5 

90.4 

.0 

.0 

.0 

90.4 

MILE! 

97.7 

.0 

.0 

34.2 

131.9 

V5 

100.6 

.0 

.0 

63.9 

164.5 

2/5 

105.3 

.0 

.0 

91.3 

196.6 

3/5 

103.2 

,0 

.0 

132.4 

240.6 

4/5 

109.7 

.0 

.0 

130.1 

239.8 

MILE  2 

114.1 

32.8 

.0 

109.6 

256.4 

1/5 

122.8 

63.5 

.0 

84.4 

270.8 

2/5 

144.0 

77.8 

.0 

59.3 

281.1 

3/5 

223.9 

8.2 

.0 

59.3 

291.4 

4/5 

262.4 

.0 

.0 

54.8 

317.2 

1/10 

274.2 

.0 

.0 

.0 

274.2 

MILE  3 

236.9 

.0 

.0 

.0 

238.9 

1/5 

182.3 

.0 

.0 

.0 

182.3 

2/5 

132.0 

.0 

.0 

.0 

132.0 

3/5 

201.7 

.0 

.0 

.0 

201.7 

4/5 

320.3 

.0 

.0 

.0 

320.3 

MILE  4 

396.4 

.0 

.0 

77.6 

474.0 

END  LINE  39 

402.2 

.0 

32.3 

132.4 

566.9 

39  TO  36  (1/2) 

406.6 

.0 

--45.6 

219.1 

671.3 

91 


LINE  40 


41  TO  40  (1/2) 

654.5 

.0 

.0 

319.5 

974.1 

BEGIN  LINE  40 

617.*+ 

.0 

45,6 

305.8 

968.8 

1/5 

595.1 

.0 

47.1 

474.7 

1116.9 

2/5 

565.2 

.0 

47.1 

520.4 

1 132 .  1 

3/5 

535.7 

.0 

44.1 

479.3 

1059.1 

4/5 

513.4 

.0 

45.6 

488.4 

1047.4 

MILE  2 

434.0 

.0 

66 . 3 

593.4 

1 1  *+  3  •  / 

1/5 

491.1 

.0 

44.1 

661 , 9 

1197.1 

2/5 

469.4 

.0 

51.5 

570.6 

1091.5 

3/5 

439.1 

.0 

57.4 

493.0 

989.5 

4/5 

4lb.fi 

.0 

56.9 

342.4 

818,1 

MILE  3 

394.9 

.0 

54.5 

246.5 

695.9 

1/5 

364.9 

.0 

57.4 

127.8 

550.2 

2/5 

342.6 

.0 

50,0 

.0 

392.6 

3/5 

305.7 

.0 

.0 

.0 

305. 7 

4/5 

261.0 

.0 

.0 

.0 

261.0 

MILE  4 

201.7 

18.4 

.0 

73.0 

293.2 

1/5 

130.5 

73.7 

.0 

84.4 

288.7 

2/5 

121.4 

38.9 

.0 

102.7 

263.0 

3/5 

115.5 

.0 

.0 

109.6 

225.1 

4/5 

108.2 

.0 

.0 

86.7 

194.9 

MILE  5 

105.3 

.0 

.0 

68.5 

173.8 

1/5 

102.1 

.0 

.0 

50.2 

152.3 

2/5 

99.2 

.0 

.0 

32.0 

131.1 

3/5 

90.4 

.0 

.0 

.0 

90.4 

4/5 

69.5 

.0 

.0 

.0 

69. 5 

MILE  6 

72.6 

.0 

.0 

.0 

72.5 

END  LINE  40 

63.7 

.0 

.0 

.0 

63.7 

LINE  41 

41  TO  42'  (1/2) 

68.1 

.0 

.0 

,0 

68.1 

BEGIN  LINE  41 

53.0 

.0 

.0 

.0 

53.0 

1/5 

57.4 

.0 

.0 

.0 

57.4 

2/5 

68.1 

.0 

.0 

.0 

68.1 

3/5 

72.6 

.0 

.0 

.0 

72.5 

4/5 

84.6 

.0 

.0 

.0 

84.5 

MILE  2 

96.2 

.0 

.0 

47.9 

144.2 

1/5 

100.6 

.0 

.0 

109.6 

210.2 

2/5 

105.3 

.0 

.0 

136.9 

242.2 

3/5 

109.7 

.0 

.0 

152.9 

262.6 

4/5 

H2.6 

24.6 

.0 

155.2 

292.4 

MILE  3 

115.5 

53.3 

.0 

152.9 

321.7 

1/5 

130,5 

75,8 

.0 

150.6 

356.9 

2/5 

209.2 

.0 

.0 

182.6 

391.8 

3/5 

271.3 

.0 

.0 

121.0 

392.3 

4/5 

307.1 

.0 

.0 

77.6 

384.7 

92 

MILE  4 

345.5 

.0 

.0 

.0 

345.5 

1/5 

390.5 

.0 

.0 

.0 

390.5 

2/5 

421.2 

.0 

24.9 

.0 

446.1 

3/5 

443.5 

.0 

53.0 

105.0 

601.4 

4/5 

464.6 

.0 

58.9 

269.3 

792.9 

MILE  5 

492.5 

.0 

56.0 

360.6 

899.1 

1/5 

502. 8 

.0 

56.0 

420.0 

973.7 

2/5 

520. 7 

.0 

53.0 

442.8 

1016.5 

3/5 

543.0 

.0 

42.6 

493.0 

1078.6 

4/5 

565.2 

.0 

26.4 

529.5 

1121.2 

MILE  6 

583.1 

.0 

17.6 

356.0 

956.7 

1/3 

602.5 

.0 

1.5 

214.5 

818.5 

2/3 

624. 7 

.0 

.0 

182,6 

807.3 

END  LINE  41 

642.5 

.0 

.0 

200.8 

84  3.4 

LINE  42 

43  to  42  (0) 

580.2 

.0 

.0 

.0 

580.2 

1/4 

587.5 

.0 

.0 

.0 

587,5 

2/4 

602.5 

.0 

13.2 

.0 

615.6 

3/5 

617.4 

.0 

27.9 

82.2 

727.5 

T.P.  TO  42 

603.9 

.0 

47.1 

301.3 

952.3 

BEGIN  LINE  42 

568.2 

.0 

70.8 

479.3 

1118.2 

1/5 

550.6 

.0 

85.7 

392.6 

1028.9 

2/5 

526.6 

.0 

103.6 

264.8 

894,9 

3/5 

502.8 

.0 

100.6 

54.8 

658.2 

4/5 

470.8 

.0 

11.7 

.0 

482.5 

MILE  2 

424.1 

.0 

.0 

.0 

424.1 

1/5 

381.4 

.0 

.0 

.0 

381.4 

2/5 

335.3 

.0 

.0 

34.2 

369.5 

3/5 

290.7 

.0 

.0 

91.3 

362.0 

4/5 

247«8 

28.7 

.0 

91.3 

367.8 

MILE  3 

204.8 

43.0 

.0 

107.3 

355.1 

1/5 

134.9 

106.5 

.0 

109.6 

351.0 

2/5 

122*8 

106.5 

.0 

105.0 

334.3 

3/5 

119.9 

102,4 

.0 

45.6 

268.0 

4/5 

114.1 

65.5 

.0 

73.0 

252.7 

MIIE  4 

111.1 

32.8 

.0 

91.3 

235.2 

1/5 

108.2 

.0 

.0 

86.7 

194.9 

2/5 

102.1 

.0 

.0 

50.2 

152.3 

3/5 

90. ^ 

.0 

.0 

.0 

90.4 

4/5 

78.3 

.0 

.0 

.0 

78.3 

MILE  5 

66.6 

.0 

.0 

.0 

66.6 

END  LINE  42 

63. 7 

.0 

.0 

.0 

63.7 

93 


LINE  43 


43  TO  44- (1/2) 

60  • 3 

.0 

.0 

.0 

60.3 

BEGIN  LINE  43 

51.5 

.0 

.0 

.0 

51.5 

1/5 

63. 7 

.0 

.0 

.0 

63.7 

2/5 

69.5 

.0 

.0 

.0 

69.5 

3/5 

83.1 

.0 

.0 

.0 

83.1 

4/5 

99.2 

.0 

.0 

77.6 

176.8 

MILE  2 

109. 7 

51.2 

.0 

73.0 

233.9 

1/5 

117.0 

96.3 

.0 

57.1 

270.3 

2/5 

134.9 

ioa.6 

.0 

61.6 

305.1 

3/5 

187.1 

98.3 

.0 

38.8 

324.2 

4/5 

246.3 

71 . 7 

.0 

22.8 

340.9 

MILE  3 

283.0 

.0 

.0 

79.9 

362.9 

1/5 

310.1 

.0 

.0 

.0 

310.1 

2/5 

33d. 3 

.0 

.0 

.0 

333.3 

3/5 

364.9 

.0 

.0 

.0 

364.9 

4/5 

387.8 

.0 

.0 

.0 

387.6 

MILE  4 

405.1 

.0 

.0 

.0 

405.1 

1/5 

450.0 

.0 

41.2 

.0 

491.2 

2/5 

470.8 

.0 

79.7 

.0 

550.5 

3/5 

491.1 

.0 

76.7 

155.2 

723.1 

4/5 

510.5 

.0 

69.3 

182.6 

762.4 

MILE  5 

532. 7 

.0 

44.1 

95.9 

672.7 

END  LINE  43 

550.6 

.0 

20.5 

59.3 

630.5 

LINE  44 

45  TO  44  (0) 

461.7 

.0 

23.5 

100.4 

585.6 

1/2 

451.5 

.0 

54.5 

68.5 

574.4 

T.P.  TO  44 

476. 7 

.0 

58.9 

22.8 

558.4 

BEGIN  LINE  44 

491.1 

.0 

47.1 

18.3 

556.5 

1/5 

491 . 1 

.0 

44.1 

.0 

535.2 

2/5 

479.8 

.0 

44,1 

.0 

523.7 

3/5 

491.1 

.0 

26.4 

.0 

517.5 

4/5 

479.6 

.0 

26.4 

.0 

506 . 0 

MILE  2 

470.8 

.0 

17.6 

.0 

488.4 

1/5 

461.7 

.0 

.0 

.0 

461.7 

2/5 

439.1 

.0 

.0 

.0 

439.1 

3/5 

419. 7 

.0 

.0 

.0 

419.7 

4/5 

394.9 

.0 

.0 

68.5 

463.4 

MILE  3 

372.8 

.0 

.0 

91.3 

463.9 

1/5 

345.5 

.0 

.0 

121.0 

466.5 

2/5 

330.9 

.0 

.0 

132.4 

463.3 

3/5 

278.8 

.0 

.0 

178.0 

456.7 

4/5 

231.8 

26.6 

.0 

187.2 

445.4 

94 


MILE  4 
1/4 
2/4 
3/4 

END  LINE  44 


167.8 

65.5 

.0  ’ 

173.5 

406.6 

117.0 

61.4 

.0 

175.7 

354.2 

105.5 

8.2 

.0 

139.2 

252.7 

93.3 

.0 

.0 

63.9 

157.2 

76.3 

.0 

.0 

.0 

78.3 

LINE  45 

46  TO  45  (0) 

63.7 

.0 

.0 

.0 

63.7 

1/2 

33.5 

.0 

.0 

.0 

33.5 

T.P.  TO  45 

57.4 

.0 

.0 

.0 

57.4 

BEGIN.  LINE  45 

50.1 

.0 

.0 

.0 

50.1 

1/5 

68.1 

.0 

.0 

.0 

68.1 

2/5 

34.5 

.0 

.0 

.0 

84.5 

3/5 

93.3 

.0 

.0 

.0 

93.3 

4/5 

109.7 

.0 

.0 

38.8 

148.5 

MILE  2 

134. 9 

49.2 

.0 

59.3 

243.4 

1/5 

213.8 

.0 

.0 

175.7 

389.4 

2/5 

269.9 

.0 

.0 

180.3 

450.2 

3/5 

298.0 

.0 

.0 

182.6 

480.6 

4/5 

308.8 

.0 

.0 

178.0 

486.6 

MILE  3 

317.4 

.0 

.0 

175.7 

493.1 

1/5 

348.8 

.0 

17.6 

123.2 

489.7 

2/5 

362.0 

.0 

57,4 

63.9 

483.3 

3/5 

378.5 

.0 

56.0 

63.9 

498.3 

4/5 

390.5 

.0 

fal  .9 

59.3 

511.7 

MILE  4 

402.2 

.0 

58.9 

57.1 

518.2 

1/4 

41b. 8 

.0 

44.1 

79.9 

540.8 

2/4 

428.8 

.0 

35.3 

98.1 

562.2 

3/4 

443.5 

.0 

23.5 

105.0 

571.9 

END  LINE  45 

461.7 

.0 

Q.8 

111.8 

582.3 

LINE  46 

46  TO  47  (1/2) 

BEGIN  LINE  46 

1/5 

2/5 

3/5 

4/5 

MILE  2 

1/5 

2/5 

3/5 

4/5 


499. 9  .0 

461.7  .0 

440.5  .0 

424.1  .0 

405.1  .0 

390.5  .0 

372.6  .0 

351.8  .0 

330. 9  .0 

34a.8  .0 

342.6  .0 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 


168.9 

668.8 

148,4 

610.1 

168.9 

609.4 

159.8 

583.9 

166.6 

571.8 

166.6 

557.1 

159.8 

532.4 

146.1 

497.8 

132.4 

463.3 

82.2 

431.0 

68.5 

411.1 

95 


MILE  3 

315. 9 

.0 

.0 

86.7 

402.7 

1/5 

313.0 

.0 

.0 

79.9 

392 . 9 

2/5 

295.1 

.0 

.0 

73.0 

36S.  1 

3/5 

296.0 

.0 

.0 

57.1 

355.1 

4/5 

206.3 

.0 

.0 

41.1 

327.4 

MILE  4 

256.0 

.0 

.0 

63.9 

320.5 

1/4 

209.2 

.0 

.0 

68.5 

277,7 

2/4 

134.9 

.0 

.  0 

136.9 

271.8 

3/4 

105.3 

.0 

.0 

148.4 

253.6 

END  OP  LINE  46 

03.1 

.0 

.0 

91.3 

174.4 

LINE  47 

48  TO  47  (0) 

54.5 

.0 

.  0 

.0 

54,5 

1/2 

53.0 

.0 

.0 

.0 

53.0 

T.P.  TO  47 

43.6 

.0 

.0 

.0 

43.6 

BEGIN  LINE  47 

48.0 

.0 

.0 

.0 

43.6 

1/5 

60.3 

.0 

.0 

.0 

60.3 

2/5 

71.0 

.0 

.0 

.0 

71.0 

3/5 

83.1 

.0 

.0 

.0 

83.1 

4/5 

93.3 

.0 

.0 

29.7 

123.0 

MILE  2 

100.0 

.0 

.0 

52.5 

153.1 

1/5 

105.3 

.0 

.0 

79.9 

185.2 

2/5 

109.7 

0.2 

.0 

257.9 

375.8 

3/5 

114.1 

34,8 

.0 

289.9 

438.7 

4/5 

117.0 

59.4 

.0 

292.1 

469.5 

MILE  3 

121.4 

79.9 

.0 

296.7 

493.0 

1/5 

146.9 

61.4 

.0 

164.3 

372.7 

2/5 

194.4 

4.1 

.0 

178.0 

376.5 

3/5 

223.9 

.0 

.0 

148.4 

372.2 

4/5 

247,0 

.0 

.0 

134.7 

382.5 

MILE  4 

283.0 

.0 

.0 

114.1 

397.1 

1/5 

310.1 

.0 

.0 

141.5 

451.6 

2/5 

342.0 

.0 

.0 

171.2 

513.8 

3/5 

372.0 

.0 

.0 

182.6 

555.2 

4/5 

399.3 

.0 

.0 

164.3 

563.6 

MILE  5 

428. 8 

.0 

.0 

175.7 

604 . 6 

1/3 

455.9 

.0 

.0 

203.1 

659.0 

2/3 

405.5 

.0 

.0 

191.7 

677.2 

END  LINE  47 

514.9 

.0 

0.8 

170.0 

701.7 

96 


LINE  48 


49  TO  4*8  (0) 

753.6 

.0 

.0 

365.2 

1123.8 

1/4 

76i,6 

.0 

33  „  8 

34.2 

829.6 

2/4 

755.7 

.0 

.0 

18.3 

774.0 

3/4 

669.2 

.0 

.0 

114.1 

783.4 

T.P.-TO  48 

624.7 

.0 

.0 

159.8 

784.5 

BEGIN  LINE  48 

535.7 

.0 

.D 

159.8 

695.4 

1/5 

505. 6 

.0 

.0 

91.3 

597.0 

2/5 

464.& 

.0 

.0 

121.0 

585.6 

3/5 

439.1 

.0 

.0 

125.5 

564 . 6 

4/5 

402.2 

.0 

.0 

148.4 

550.6 

MILE  2 

375.5 

.0 

.0 

166  •  6 

542.1 

1/5 

335.3 

.0 

.0 

171.2 

506.5 

2/5 

300.9 

.0 

.0 

178.0 

479.0 

3/5 

268.4 

.0 

.0 

205.4 

473.8 

4/5 

227.2 

16.4 

.0 

239.6 

483.2 

MILE  3 

176.*+ 

45.1 

.0 

319.5 

541,0 

1/5 

127.6 

84.0 

.0 

442.8 

654.3 

2/5 

115.5 

51.2 

.0 

337.8 

504.5 

3/5 

112.6 

.0 

.0 

285.3 

397.9 

4/5 

108.2 

.0 

.0 

166.6 

274.8 

MILE  4 

105.3 

.0 

.0 

68.5 

173.8 

1/5 

99.2 

.0 

.0 

20.5 

119.7 

2/5 

93.3 

.0 

.0 

.0 

93.3 

3/5 

64.5 

.0 

.0 

.0 

84.5 

4/5 

75.  ^ 

.0 

.0 

.0 

75.4 

END  LINE  48 

63.7 

.0 

.0 

.0 

63.7 

LINE  49 

50  TO  49  (0) 

57,4 

.0 

.0 

.0 

57.4 

1/2 

54.5 

.0 

.0 

.0 

54.5 

T.P.  TO  49 

54.5 

.0 

.0 

.0 

54.5 

BEGIN  LINE  49 

54.5 

.0 

.0 

.0 

54.5 

1/5 

66.6 

.0 

.0 

.0 

66.6 

2/5 

76.9 

.0 

.0 

.0 

76.9 

3/5 

84.5 

.0 

.0 

.0 

84.5 

4/5 

87.5 

.0 

.0 

.0 

87.5 

MILE  2 

99,2 

.0 

.0 

45.6 

144.8 

1/5 

105.3 

.0 

.0 

125.5 

230.8 

2/5 

111.1 

.0 

.0 

264.8 

375.9 

3/5 

117.0 

8.2 

.0 

292.1 

417.3 

4/5 

122.8 

63.5 

.0 

255.6 

442.0 

97 


MILE  3 

158*6 

73.7 

.0 

303.6 

535.9 

1/5 

231* 6 

34.8 

.0 

372.0 

638.4 

2/5 

295.1 

4.1 

.0 

647.8 

846.9 

3/5 

350.3 

.0 

.0 

673.3 

1023.6 

4/5 

405.1 

.0 

.0 

725.8 

1130.9 

MILE  4 

458.  Q 

.0 

.0 

620.8 

1079.6 

1/4 

517. 8 

.0 

.0 

575.2 

1092.9 

2/4 

577.3 

.0 

.0 

576.2 

1152.4 

3/4 

639.7 

.0 

.0 

547.8 

1187.4 

END  LINE  49 

699.1 

.0 

.0 

466.5' 

1155.6 

LINE  50 

51  TO  50*  (0) 

809.7 

.0 

.0 

718.9 

1 528 • 6 

1/4 

906.3 

.0 

14.7 

639.1 

1560.0 

2/4 

909.2 

.0 

44.1 

588.8 

1542.1 

3/4 

900. 

.0 

73,8 

534.1 

1508.2 

T.P.  TO  50 

898.9 

.0 

61.2 

524.9 

1505.1 

BEGIN  LINE  50 

849.^ 

.0 

35.3 

545.5 

1430.5 

1/5 

820.2 

.0 

.0 

566 . 0 

1386.2 

2/5 

737.fi 

.0 

.0 

579.7 

1317.5 

3/5 

654.fi 

.0 

.0 

593.4 

1248.0 

4/5 

5B3.1 

.0 

.0 

566. 0 

1149.1 

MILE  2 

514.9 

.0 

.0 

534.1 

1048.9 

1/5 

455.9 

.0 

.0 

511.2 

967.1 

2/5 

405.1 

.0 

.0 

474.7 

879.9 

3/5 

345.5 

.0 

.0 

451.9 

797.4 

4/5 

292.2 

.0 

.0 

465.6 

757.8 

141  IE  3 

238.9 

20.5 

.0 

342.4 

601.7 

1/5 

149.8 

57.4 

.0 

232.8 

440.0 

2/5 

117.0 

.0 

.0 

232.8 

349.3 

3/5 

111.1 

.0 

.0 

150.6 

261.8 

4/5 

105.3 

.0 

.0 

114.1 

219.4 

MILE  4 

96.2 

.0 

.0 

59.3 

155.6 

1/4 

93.3 

.0 

.0 

27.4 

120.7 

2/4 

87.5 

.0 

.0 

27.4 

114.8 

3/4 

79.8 

.0 

.0 

.0 

79.8 

END  LINE  50 

66.fi 

.0 

.0 

.0 

66.6 

98 


LINE  51 


BEGIN  LINE  51 

54,5 

.0 

.0 

.0 

54.5 

1/3 

68. 1 

.0 

.0 

.0 

68.1 

2/3 

78.3 

.0 

.0 

22.8 

101.1 

MILE  2 

84.5 

.0 

.0 

45.6 

130.2 

1/5 

93.3 

.0 

.0 

68.5 

161.8 

2/5 

97. 7 

.0 

.0 

136.9 

234.6 

3/5 

100. 6 

.0 

.0 

257.9 

358.5 

4/5 

105.3 

.0 

.0 

260.2 

365.5 

MILE  3 

108.2 

.0 

.0 

164.3 

272.5 

1/5 

111.1 

.0 

.0 

219.1 

330.2 

2/5 

124. 7 

63.5 

.0 

253.3 

441.5 

3/5 

183.5 

36.9 

.0 

333.2 

558.6 

4/5 

238.9 

26.6 

.0 

426.8 

692.3 

MILE  4 

283.0 

.0 

.0 

547.8 

830.8 

1/5 

342. 6 

.0 

.0 

616.2 

958.9 

2/5 

393. 4 

.0 

.0 

698.4 

1091.8 

3/5 

437. 6 

.0 

.0 

698.4 

1136.0 

4/5 

491.1 

.0 

.0 

707.5 

1198.6 

MILE  5 

565.2 

.0 

.0 

730.3 

1295.6 

1/2 

639.7 

.0 

.0 

776.0 

1415.7 

END  LINE  51 

731.7 

.0 

.0 

771.4 

1503.1 

LINE  52 

BEGIN  LINE  52 

761.6 

.0 

.0 

543.2 

1304.8 

1/5 

705.0 

.0 

.0 

378.9 

1083.9 

2/5 

639.7 

.0 

.0 

273.9 

913.5 

3/5 

574.3 

.0 

.0 

191.7 

766.  1 

4/5 

505. 8 

.0 

.0 

136.9 

642.7 

MILE  2 

446. 4 

.0 

.0 

68. 5 

514.9 

1/5 

381. 4 

.0 

.0 

.0 

381.4 

2/5 

333.8 

.0 

.0 

.0 

333.8 

3/5 

280. 1 

.0 

.0 

.0 

280.1 

4/5 

227.2 

12.3 

.0 

118.7 

358.2 

MILE  3 

137.8 

73.7 

.0 

130.1 

341.7 

1/5 

119.9 

14.3 

.0 

166.6 

300.9 

2/5 

114.1 

.0 

.0 

123.2 

237.3 

3/5 

109.7 

.0 

.0 

73.0 

182.7 

4/5 

100.8 

.0 

.0 

36.5 

137.1 

MILE  4 

90. 4 

.0 

.0 

.0 

90.4 

1/5 

79.8 

.0 

.0 

.0 

79.8 

2/5 

75. 4 

.0 

.0 

.0 

75.4 

3/5 

83.1 

.0 

.0 

.0 

83.1 

4/5 

78.3 

.0 

.0 

63.9 

142.2 

99 


MILE  5 

72.5 

.0 

.0 

50.2 

122.7 

END  LINE  52 

66 « 5 

.0 

.0 

36 . 5 

103. 1 

52  TO  51  (0) 

60.5 

.0 

.0 

.0 

60.3 

1/3 

66,1 

.0 

.0 

11.4 

79.5 

2/3 

65.2 

.0 

.0 

.0 

65.2 

T.P.  TO  51 

65.2 

.0 

.0 

.0 

65.2 

LINE  53 

BEGIN  LINE  53 

6b  .  6 

.0 

.0 

.0 

66 . 6 

1/5 

75.4 

.0 

.0 

.0 

75.4 

2/5 

78.3 

.0 

.0 

.0 

78.3 

3/5 

99.2 

.0 

.0 

43.4 

142.5 

4/5 

106.6 

.0 

.0 

91.3 

198.0 

141  IE  2 

112.6 

.0 

.0 

159.8 

272.4 

1/5 

117.0 

8.2 

.0 

223.7 

348.9 

2/5 

136.4 

47.1 

.0 

139.2 

322.7 

3/5 

194.4 

41.0 

.0 

159.8 

395.1 

4/5 

241.6 

10.2 

.0 

166.6 

418.7 

MILE  3 

278.6 

.0 

.0 

223.7 

502.3 

1/5 

3 1 5 . 9 

•  0 

.0 

176.0 

493.9 

2/5 

357.6 

.0 

.0 

159.8 

517.4 

3/5 

402.2 

.0 

.0 

136.9 

539.2 

4/5 

443.5 

.0 

.0 

118.7 

562.1 

MILE  4 

479.6 

.0 

.0 

155.2 

634.8 

1/2 

529.6 

.0 

.0 

260.2 

790.0 

END  LINE  53 

592.2 

.0 

.0 

255.6 

847.8 

53  TO  52  (0) 

654.6 

.0 

.0 

319.5 

974.1 

1/2 

705.0 

.0 

.0 

401.7 

1106.7 

T.P.  TO  52 

772.6 

.0 

.0 

502.1 

1274.9 

LINE  54 

BEGIN  LINE  54 

599.5 

.0 

.0 

114.1 

713.6 

1/5 

552.1 

.0 

.  0 

123.2 

675.3 

2/5 

514.9 

.0 

.  0 

91.3 

606.1 

3/5 

491.1 

.0 

.0 

159.8 

650.9 

4/5 

455.9 

.0 

.0 

123.2 

579.1 

MILE  2 

408.0 

.0 

.0 

150.6 

558.6 

1/5 

360.5 

.0 

.0 

191.7 

552.3 

2/5 

313.0 

.0 

.0 

168.9 

481.9 

3/5 

262.4 

.0 

.0 

146.1 

408.5 

4/5 

223.9 

14.3 

.0 

143.8 

382.0 

100 


MILE 

3 

185. 6 

32.8 

.0 

123.2 

341  •  6 

1/5 

127.6 

77.8 

.0 

100.4 

.305.8 

2/5 

119.9 

30.7 

.0 

125.5 

276.2 

3/5 

114.1 

a.  2 

.  0 

136.9 

259.2 

4/5 

108.2 

.0 

.  0 

114.1 

222.3 

MITE 

4 

100.6 

.0 

.0 

136.9 

237.6 

1/2 

54  TO  53  (0) 

96.2 

90. 4 

.0 

.0 

•  0 
.0 

8b .  7 

.0 

183.0 

90.4 

1/2 

78.3 

.0 

•  0 

.  0 

73.3 

•v  * 

T.P. 

TO  53 

72.5 

.0 

.0 

.0 

72.5 

LINE  55 

BEGIN  LINE  55 

97.7 

.0 

.0 

.0 

97.7 

1/5 

106.6 

.0 

.0 

41.1 

147.8 

2/5 

109.7 

.0 

.0 

50.2 

159.9 

3/5 

114.1 

.0 

.0 

100.4 

214.5 

4/5 

119.9 

32.8 

.0 

100.4 

253.1 

MILE  2 

129.8 

63.5 

.0 

98.1 

290.7 

1/5 

179.3 

41.0 

.0 

68.5 

283.8 

2/5 

215.1 

4.1 

.0 

100.4 

319.6 

3/5 

247.8 

.0 

.0 

123.2 

371.1 

4/5 

283.0 

.0 

.0 

114.1 

397.1 

MILE  3 

318.9 

.0 

.0 

150.6 

469.5 

1/5 

360.5 

.0 

.0 

155.2 

515.7 

2/5 

408.0 

.0 

.0 

127.8 

535.8 

3/5 

446. 4 

.0 

.0 

150.6 

597.0 

4/5 

482.5 

.0 

.0 

86 . 7 

569.3 

MILE  4 

523.6 

.0 

.0 

100.4 

624.1 

END  LINE  55 

574.3 

.0 

.0 

105.0 

679.3 

55  TO  54  (0) 

642.6 

.0  ■ 

.0 

155.2 

797.8 

1/2 

633.6 

.0 

.0 

123.2 

757.1 

T.P.  TO  54 

632. 4 

.0 

.0 

79.9 

712.2 

LINE  56 


BEGIN  LINE  56 

618.9 

.0 

.0 

109.6 

728.4 

1/5 

559. 4 

.0 

.0 

109,6 

668.9 

2/5 

513. 4 

.0 

.0 

118.7 

632.1 

3/5 

470.8 

.0 

.0 

100.4 

571.2 

4/5 

434.7 

.0 

.0 

91.3 

526.0 

101 


MILE  2 

400.° 

.0 

.0 

114.1 

522.1 

1/5 

381. ^ 

.0 

.0 

155.2 

536 . 6 

2/5 

34?.,  & 

.0 

.0 

136.9 

479.6 

3/5 

310.1 

.0 

.0 

132.4 

442.4 

4/5 

283.° 

.0 

.0 

123.2 

406.3 

MILE  3 

262. 4 

.0 

.0 

136.9 

399.4 

1/5 

241. 8 

.0 

.0 

136.9 

378.8 

2/5 

218.0 

.0 

.0 

136.9 

354.9 

■3/5 

194. 4 

14.3 

.0 

189.4 

398 . 2 

4/5 

134. 9 

6b. 5 

.0 

155.2 

355.6 

MILE  4 

122. 8 

43.0 

.0 

166.6 

332.5 

END  LINE  56 

H7.n 

.0 

.0 

77.6 

194.6 

56  TO  55  (0) 

103. 8 

.0 

.0 

29.7 

133.5 

1/2 

94. 8 

.0 

.0 

.0 

94.8 

T.P.  TO  55 

97.7 

.0 

.0 

.0 

97.7 

LINE 

57 

EAST 

MILE 

7 

126.1 

.0 

.0 

.0 

126.1 

1/5 

12i « 4 

.0 

.0 

.0 

121.4 

2/5 

121. 4 

22.5 

.0 

43.4 

187.3 

3/5 

121. 4 

51.2 

.0 

132.4 

305.0 

4/5 

122. 8 

69.6 

.0 

150.6 

343.1 

MILE 

8 

129.0 

81.9 

.0 

159.8 

370.7 

LINE 

57 

WEST 

BEGIN  LINE  57 

136. 4 

129.0 

.0 

107.3 

372.7 

1/5 

144.0 

110.6 

.0 

82.2 

33b.7 

2/5 

173.5 

81.9 

.0 

91.3 

346.7 

3/5 

223. 9 

45 . 1 

.0 

109.6 

378.5 

4/5 

256. 6 

36.9 

.0 

159.8 

453.2 

MILE  1 

262. 4 

14,3 

.0 

203.1 

479.9 

1/5 

26b.5 

.0 

.0 

232.8 

498.3 

2/5 

271.3 

.0 

.0 

214.5 

485.9 

3/5 

27b.7 

.0 

.0 

219.1 

494.8 

4/5 

27b.6 

.0 

.0 

246.5 

525.1 

MILE  2 

289.2 

.0 

.0 

241.9 

531.2 

1/5 

313.0 

.0 

.0 

219.1 

532.1 

2/5 

338.2 

.0 

.0 

223.7 

561.9 

3/5 

359. 1 

.0 

.0 

191.7 

550.  a 

4/5 

387. 6 

.0 

.0 

196.3 

583.9 

102 


MILE  3 

416. 8 

.0 

1/3 

45o.° 

.0 

2/3 

514. 9 

.0 

END  LINE  57 

555. 8 

.0 

57  TO  56  (0) 

620. 3 

.0 

1/2 

614.5 

.0 

T.P.  TO  56 

635.3 

.0 

.0 

159.8 

576.6 

.0 

136.9 

586  •  9 

.0 

86.7 

601.6 

.0 

77.6 

631.1 

.0 

59.3 

679.7 

.0 

73.0 

687.5 

.0 

82.2 

717.4 

Station 

No. 


Water 

depth, 

m 


Corrected 
thickness 
of  Unit  X, 
m 


Depth  to  pre- 
orogenic  layer, 
m 


LINE  57 


MILE  5 

783.3 

.0 

783.3 

1/4 

.  952.5 

.0 

952.6 

2/4 

1104.3 

.0 

1104.3 

3/4 

1156.1 

44.1 

1200.2 

MILE  4 

1185. 7 

73.8 

1259.5 

1/4 

1215.3 

73.8 

1289.1 

2/4 

1230.2 

81.2 

1311.5 

3/4 

1230.2 

96.1 

1326.4 

MILE  3 

1237. 8 

66.3 

1303.9 

1/4 

1237. 6 

73.8 

1311.3 

2/4 

1245.2 

9b.  1 

1341.3 

3/4 

1252.5 

12b. 1 

1378.7 

MILE  2 

1252.5 

171.5 

1424.0 

1/4 

1245.2 

186.7 

1431.9 

1/2 

1245.2 

209.6 

1454.9 

3/4 

1245.2 

217.3 

1462.5 

MILE  1 

1252.5 

217.3 

1469.8 

1/4 

1237.& 

234.1 

1471.6 

2/4 

1237.6 

243.2 

1480.8 

3/4 

1237.5 

271,3 

1508.8 

11®  57 

1237.5 

290.5 

1528.0 

103 


LINE  53 


MILE  0 

305.3 

.0 

305.3 

1/4 

405.8 

.0 

405.8 

2/4 

615.9 

.0 

615.9 

3/4 

626.5 

.0 

826.5 

MILE  1 

986.8 

.0 

988.8 

1/4 

3153.2 

.0 

1153.2 

2/4 

1178.4 

96,1 

1274.5 

3/4 

1193.3 

88.7 

1282.0 

MILE  2 

1193.3 

81.2 

1274.6 

1/4 

1200. 7 

58,9 

1259.6 

2/4 

1206.0 

61.2 

1289.2 

3/4 

1222.9 

103.6 

1326.6 

MILC  3 

1237.5 

141.2 

1378.8 

1/4 

1245.2 

194,4 

1439.6 

2/4 

1245.2 

300.2 

1545.4 

3/4 

1245.2 

310.1 

1555.3 

MILE  4 

1237.8 

320.0 

1557.6 

1/4 

1237.8 

320.0 

1557.6 

2/4 

1237.8 

3 1 0 . 1 

1547.6 

3/4 

1237.8 

290.5 

1528.0 

EN  D  58 

1237.8 

280.8 

1516.4 

58  TO  57  (0) 

1230.2 

280,8 

1511.1 

1/2 

1237.8 

261.8 

1499.4 

T.P.  TO  57 

1237.8 

280.8 

1518.4 

LINE  1 


1/4 

315, 7 

.0 

315.7 

2/4 

354.2 

.0 

354.2 

3/4 

461.1 

.0 

461.1 

MILE  5 

591.3 

.0 

591.3 

1/4 

730.0 

.0 

730.0 

2/4 

934.7 

.0 

934.7 

3/ 4 

1050.9 

.0 

1050.9 

Mini  4 

1119.2 

73.8 

1193.0 

1/ 4 

1141.5 

300.2 

1441.7 

2/4 

1171.1 

171.5 

1342.6 

3/4 

1178.4 

126.1 

1304.5 

MILC  3 

1193.3 

9o.l 

1289.5 

1/4 

1200.7 

9b. 1 

1296.8 

2/4 

1208.0 

111.1 

1319.1 

3/4 

1222.9 

126.1 

1349.1 
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PULE  2 

1237.6 

156.3 

1393.9 

1/4 

1237.6 

217.3 

1454.9 

2/4 

1237.6 

280.8 

1518.4 

3/4 

1230.2 

340.2 

1570.5 

MILE  1 

1230.2 

340.2 

1570.5 

1/4 

1230.2 

340.2 

1570.5 

2/4 

1230.2 

330.1 

1560.3 

3/4 

1230.2 

320.0 

1550.3 

BEGIN  LINE  1 

1230.2 

320.0 

1550.3 

LIME  2 


MIUC  1 

483.5 

.0 

483.5 

1/4 

632.0 

.0 

632.0 

2/4 

837.1 

.0 

837.1 

3/4 

1017.0 

.0 

1017.0 

MILE  2 

1074.7 

133.7 

1208.3 

1/4 

1111.6 

320.0 

1431.6 

2/4 

1133.9 

576.5 

1710.3 

3/4 

1163. 4 

436. 1 

1599.5 

MILE  3 

1178. 4 

290.5 

1460.8 

1/4 

1193.3 

194.4 

1387.7 

2/4 

1208.0 

126.1 

1334.1 

3/4 

1222. 9 

118.6 

1341.6 

MILE  4 

1230.2 

148.8 

1379.0 

1/3 

1230.2 

185.7 

1417.0 

2/3 

1230.2 

217.3 

1447.6 

MILE  5 

1227.3 

265.6 

1492.9 

1/4 

1227.3 

304.1 

1531.5 

2/4 

1227.3 

294.3 

1521.7 

3/4 

1227.3 

294.3 

1521.7 

END  LINE  2 

1227.3 

304.1 

1531.5 

LINE  3 


BEGIN  3  (LINE) 

63. 4 

.0 

63.4 

1/3 

154.2 

.0 

154.2 

2/3 

247. 4 

.0 

247.4 

MILE  4 

354.2 

.0 

354.2 

1/4 

487.9 

.0 

487.9 

2/4 

617. 4 

.0 

617.4 

3/4 

746. 4 

.0 

746.4 
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MILE  3 

897,7 

.0 

897.7 

1/4 

1059.7 

3b.  7 

1096.5 

2/4 

1104.3 

234.1 

1338.3 

3/ 4 

1133.9 

458.5 

1592.3 

MILL  2 

1163.4 

481.3 

1644.7 

1/4 

1 1 7  8 ,  ft 

458.5 

1636.9 

2/4 

lIBb.7 

414.1 

1599.8 

3/4 

1193.3 

350,5 

1643.8 

MILE  1 

1200,7 

252.5 

1453.1 

1/4 

1215.3 

186.7 

1402.0 

2/4 

1222.9 

118.6 

1341.6 

3/4 

1222.9 

9u  .  1 

1319.1 

END  LINE  3 

1222.9 

103.6 

1 326 . 6 

3  TO  4  (0) 

1215.3 

96.1 

1311.4 

1/3 

1215.3 

73.8 

1289.1 

2/3 

1208.0 

103.6 

1311.6 

T.  P.  TO  4 

1208.0 

194.4 

1402.3 

LINE  4 


5  TO  4  (0) 

1/3 

2/3 

T.P.  TO  4 
BEGIN  4 
1/2 

MILE  1 
1/4 
2/4 
3/4 

MILE  2 
1/4 
2/4 
3/4 

MILE  3 
1/4 
2/4 
3/4 

MILE  4 
1/2 

END  LINE  4 


43.9 
7b.  1 
84.3 
8b. « 
9b.  0 
?84  .  ft 

468.5 
638.2 
79b. 4 

964 . 6 
1087.  ft 
1129.5 

1150.3 
1168.2 
1174.0 
1179.9 
1185. 7 

1193.3 
1199.2 
1205.1 

1209.4 


.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

145.7 

379.7 

525.7 

492.8 

425.0 

352.5 

290.5 

248.7 

234.1 

218.8 


43.9 

75.1 

84.3 

85.8 

99.0 

284.8 

468.5 
638.2 
795.4 

964.6 

1087.8 

1275.2 
1530.0 

1693.8 

1666 . 8 
1604.9 

1538.2 

1483.8 

1447.9 
1439.1 

1428.3 
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LIME  5 


END  LINE  5 

82.9 

.0 

82.9 

1/4 

94.6 

.0 

94.6 

2/4 

161.5 

.0 

161.5 

3/4 

241.5 

.0 

241.5 

MILE  5 

293.6 

.0 

293.6 

1/4 

383.9 

.0 

383.9 

2/4 

588.4 

.0 

588.4 

3/4 

756.7 

.0 

756.7 

MILE  4 

946.7 

.0 

946.7 

1/4 

1150.3 

.0 

1150.3 

2/4 

1151.7 

123.1 

1274.9 

3/4 

1159.0 

356.7 

1515.7 

MILE  3 

1163.4 

481.3 

1644.7 

1/4 

1168.2 

269.4 

1437.5 

2/4 

1171.1 

127.6 

1298.7 

3/4 

1175.5 

.0 

1175.5 

MILE  2 

1102.8 

.0 

1102.8 

1/4 

1052.4 

.0 

1052.4 

2/4 

1067.4 

.0 

1067.4 

3/4 

1101.3 

.0 

1101.3 

MILE  1 

1111.6 

.0 

1111.6 

1/4 

1114.8 

.0 

1114.8 

2/4 

1147.3 

29.4 

1176.7 

3/4 

1126.5 

35.3 

1161.6 

START  LINE  3 

1052.4 

.0 

1052.4 

5  TO  6  (0) 

969.0 

.0 

969.0 

1/3 

999.1 

.0 

999,1 

2/3 

986.6 

.0 

966.6 

T.P.  TO  LINE  6 

971.9 

.0 

971.9 

LINE  6 


BEGIN  LINE  6 

91,9 

.0 

91.9 

1/3 

182*3 

.0 

182.3 

2/3 

232.7 

.0 

232.7 

MILE  1 

354,2 

.0 

354.2 

1/4 

416.5 

.0 

416.5 

2/4 

569,0 

.0 

569.0 

3/4 

755.2 

.0 

755.2 

MILE  2 

879.8 

.0 

879.8 

1/4 

1102.8 

.0 

1102.8 

2/4 

1157.6 

75,3 

1232.8 

3/4 

1162.0 

254.3 

1416.3 
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mill;  3 

1 16b  •  7 

230.4 

1397.1 

1/4 

H6b.  7 

18^.7 

1350.4 

2/4 

1160. 5 

114.1 

1274.6 

3/4 

1144.'+ 

58.9 

1203.3 

•  iiu;  4 

1105.7 

56 . 0 

1161.7 

1/4 

1061.2 

.0 

1061.2 

2/4 

1019. 9 

.0 

1019.9 

3/4 

1007. 9 

.0 

1007.9 

MILE  5 

1004. 9 

.0 

1004.9 

1/4 

1012. 3 

24.9 

1037.2 

2/4 

ioia.4 

24.9 

1043.4 

3/4 

1007. 9 

.0 

1007.9 

END  LINE  6 

1012. 3 

.0 

1012.3 

LINE  7 

1/4 

91.6 

.0 

91.6 

END  LINE  7 

99.0 

.0 

99.0 

1/3 

158.6 

.0 

158.6 

2/3 

320. 1 

.0 

320.1 

MILE  4 

374.7 

.0 

374.7 

1/4 

498.1 

.0 

498.1 

2/4 

600.1 

.0 

600.1 

3/ 4 

793.9 

.0 

793.9 

FULL  3 

957.0 

.0 

957.0 

1/4 

1091,1 

.0 

1091.1 

2/4 

1178.4 

6b. 3 

1244.7 

3/4 

1178.4 

226.8 

1405.2 

i'IXUe  2 

1172.5 

142.7 

1315.3 

1/4 

1163.4 

81.2 

1244.6 

2/4 

1136.8 

41.2 

1177.9 

3/4 

1105.7 

.0 

1105.7 

MILE  1 

1064.4 

.0 

1064.4 

1/4 

1028.7 

.0 

1028.7 

2/4 

1007.9 

.0 

1007.9 

3/4 

996.2 

.0 

996.2 

BEGIN  LINE  7 

996.? 

23.5 

1019.6 

1/2 

967.6 

.0 

967.6 
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Jj.L.  ii  j 


9  TO  8  (0) 

93.1 

.0 

93.1 

1/2 

78.5 

.0 

70.5 

T.P.  TO  LINE  o 

81.4 

.0 

81.4 

BEGIN  LINE  8 

161.5 

.0 

161.5 

1/3 

241.5 

.0 

241,5 

2/3 

332.2 

.0 

332.2 

MILE  1 

410. 6 

.0 

410.6 

1/4 

510.2 

.0 

510.2 

2/4 

706.2 

.0 

706.2 

3/4 

851.7 

.0 

851.7 

MILE  2 

1017.0 

.0 

1017.0 

1/4 

1128.0 

.0 

1120.0 

2/4 

1162.0 

76.7 

1230.7 

3/4 

1171.1 

163.9 

1335.0 

MILE  3 

1172.5 

27.9 

1200.4 

1/4 

1099. 9 

.0 

1099.9 

2/4 

1040. 7 

.0 

1040.7 

3/4 

1012. 3 

.0 

1012,3 

MILE  4 

1007.9 

.0 

1007.9 

1/3 

996.2 

.0 

996 . 2 

2/3 

993.2 

.0 

993.2 

END  LINE  8 

990. 3 

.0 

990.3 

LINK  9 


END  LINE  9 

124.2 

.0 

124.2 

1/3 

255.1 

.0 

255.1 

2/3 

348,3 

.0 

348,3 

MILE  4 

431.1 

.0 

431.1 

1/4 

510.2 

.0 

510.2 

2/4 

691.6 

.0 

691.6 

3/4 

820,6 

.0 

820.6 

MILE  3 

1009.3 

.0 

1009.3 

1/4 

1126.5 

.0 

1126.5 

2/4 

1150.3 

154.8 

1305.1 

3/4 

1163.4 

163.9 

1327.3 

MILE  2 

1171.1 

73.8 

1244.8 

1/4 

1168,2 

14.7 

1182.8 

2/4 

1156.1 

.0 

1156.1 

3/4 

1144.4 

.0 

1144.4 

MILE  1 

1135.3 

.0 

1135.3 

1/4 

1126.5 

.0 

1126.5 

2/4 

1123,6 

.0 

1123.6 

3/4 

1076.1 

.0 

1076.1 
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BEGIN  LINE  9 

1043. b 

.0 

1043.6 

9  TO  10  (0) 

104b. 1 

.0 

1045.1 

1/2 

1064.4 

.0 

1064.4 

9  TO  10  (1) 

105b. 3 

.0 

1055.3 

1/2 

1094.0 

.0 

1094.0 

T.P.  TO  10 

1119.2 

47.1 

1166.3 

LINE  10 

11  TO  10  (0) 

179. 4 

.0 

179.4 

1/3 

134.8 

.0 

134.8 

2/3 

105.2 

.0 

105.2 

T.P.  TO  LINE  10 

93.1 

.0 

93.1 

BEGIN  LINE  10 

90.2 

.0 

90.2 

1/4 

134.8 

.0 

134.8 

2/4 

261.0 

14.7 

275.6 

3/4 

335.1 

29.4 

364.5 

MILE  1 

412.1 

.0 

412.1 

1/4 

459.7 

.0 

459.7 

2/4 

608.8 

.0 

608,8 

3/4 

744.9 

.0 

744.9 

MILL  2 

909. 4 

.0 

909.4 

1/4 

1073.2 

.0 

1073.2 

2/4 

1094.0 

157.8 

1251.9 

3/4 

lllb.3 

99.1 

1215.4 

MILE  3 

1138.2 

47.1 

1185.3 

1/4 

115b. 1 

51.5 

1207.6 

2/4 

H4b. 9 

60,4 

1206.3 

3/4 

1147.3 

53.0 

1200.3 

MILE  4 

1145.9 

54.5 

1200.3 

1/3 

1143.0 

51,5 

1194.5 

2/3 

1133.2 

4  7.1 

1185.3 

END  LINE  10 

1130.9 

44.1 

1175.0 

LINE  11 


END  LINE  11 

302. 4 

.0 

302,4 

1/2 

404. 3 

70.8 

475.1 

MILE  4 

471.4 

26.4 

497.8 

1/4 

549.6 

36.2 

587.8 

2/4 

620.3 

.0 

620.3 

3/4 

752.3 

.0 

752.3 
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MILE  3 

854.6 

.0 

854.6 

1/4 

1022. 8 

29,4 

1052.2 

2/4 

1025. 7 

93.1 

1118. 9 

3/4 

1030. 1 

.0 

1030.1 

MILE  2 

1059. 7 

.0 

1059.7 

1/4 

1071.8 

.0 

1071.8 

2/4 

1102.8 

8.8 

1111.6 

3/4 

1141.5 

61.9 

1203.4 

MILE  1 

1148.8 

81.2 

1230.0 

1/4 

1141.5 

61.9 

1203.4 

2/4 

1 1 38 .  2 

50.0 

,  1168.3 

3/4 

1138.2 

58.9 

1197.2 

MILE  0 

1135.3 

44.1 

1179.4 

1/4 

1120.5 

17.6 

1147.1 

2/4  BEGIN  LINE  11 

1116.3 

.0 

1116.3 

LINE  12 


13  TO  12  (0) 

189.6 

.0 

189.6 

1/3 

179.*+ 

.0 

179.4 

2/3 

188.1 

.0 

188.1 

T.  P.  TO  12 

216. 4 

.0 

216.4 

BEGIN  LINE  12 

323.° 

46.5 

371.6 

1/2 

446.  1 

78.2 

524.3 

MILE  1 

543. 7 

41.2 

584.9 

1/4 

591.3 

.0 

591.3 

2/4 

707. 7 

.0 

707.7 

3/4 

867.5 

.0 

857.5 

MILE  2 

1012.3 

.0 

1012.3 

1/4 

1019.9 

32.3 

1052.2 

2/4 

1027.2 

.0 

1027.2 

3/4 

1033.1 

.0 

1033.1 

MILE  3 

1055.3 

.0 

1055.3 

1/4 

1086. 4 

.0 

1086.4 

2/4 

1141.5 

.0 

1141.5 

3/4 

1144. 4 

94.6 

1239.1 

MILE  4 

1144. 4 

85.7 

1230.1 

1/2 

1144. 4 

79,7 

1224.1 

END  LINE  12 

1138.2 

70.8 

1209.0 

line  13 


END  LINE  13 

302. 4 

42.6 

345.0 

MILE  4 

45o.6 

46.5 

499.0 

1/4 

55a.  5 

20.5 

573.0 

2/4 

64a.6 

.0 

642.6 

3/4 

749.3 

.0 

749.3 

MILE  3 

897. 7 

.0 

897.7 

1/4 

982.2 

32.3 

1014.5 

2/4 

996.2 

.0 

996 . 2 

3/4 

1012.3 

.0 

1012.3 

MILL  2 

1040. 7 

.0 

1040.7 

1/4 

1084. 9 

17.6 

1102.5 

2/4 

1126.5 

209,6 

1336.2 

3/4 

1 147.3 

194.4 

1341.7 

MILE  1 

1147.3 

195.9 

1343.2 

1/4 

1150.3 

179. 1 

1329.4 

2/4 

U5l. 7 

162.4 

1314.1 

3/4 

1150.3 

145.7 

1296.0 

MILE  0 

1145. 9 

132.2 

1278.0 

REGIN  LINE  13 

1144. 4 

118.6 

1263.0 

13  TO  14  (0) 

1147.3 

112.6 

1260,0 

1/2 

1 15b • 1 

136.7 

1292.8 

T.P.  TO  14 

1162.0 

150.3 

1312.2 

LINE  14 

15  TO  14  (0) 

1/4 

2/4 

3/4 

T.P.  TO  14 
BEGIN  LINE  14 
1/3 
2/3 

MILE  1 
1/4 
2/4 
3/4 

I  TILil  2 
1/4 
2/4 
3/4 

.'ilLE  3 
1/4 
2/4 
3/4 


78.3 

.0 

78.5 

78.5 

.0 

70.5 

82. 9 

.0 

82.9 

10i.9 

.0 

101.9 

119.8 

.0 

119.8 

231.3 

.0 

231.3 

354.2 

.0 

354.2 

475.8 

35.3 

511.0 

579.2 

35.3 

614.5 

666. 4 

46.6 

711.9 

742.0 

.0 

742,0 

801.2 

20.5 

821.8 

830.9 

11.7 

842.6 

840.0 

.0 

840.0 

979.3 

.0 

979.3 

1067. 4 

44.1 

1111.5 

1071,8 

24.9 

1096.7 

H05.7 

29.4 

1135.1 

1 141  •  5 

133.7 

1275.2 

1150.3 

139.7 

1290.0 

i  12 


MILE  4 

1156.1 

146.7 

1301.9 

1/3 

1159.0 

166.9 

1326.0 

2/3 

1162.0 

173.0 

1335.0 

END  LINE  14 

1163.4 

162.4 

1325.8 

LINE  15 


END  LINE  15 

139.2 

.0 

139.2 

1/2 

296.5 

.0 

296.5 

MILE  4 

415.0 

.0 

415.0 

1/4 

556.9 

.0 

556.9 

2/4 

675.1 

54.5 

729.6 

3/4 

765.8 

11.7 

777.5 

MILE  3 

798.3 

.0 

798.3 

1/4 

825.0 

94.6 

919.6 

2/4 

822*  1 

.0 

822.1 

3/4 

905.1 

.0 

906.1 

MILE  2 

955.5 

41.2 

996.7 

1/4 

1007.9 

29.4 

1037.2 

2/4 

1064 . 4 

23.5 

1087.9 

3/4 

1135.3 

29,4 

1164.7 

MILE  1 

1159.0 

115.6 

1274.7 

1/4 

1153.2 

225.0 

1378.2 

2/4 

1159.0 

228.6 

1387.7 

3/4 

1168.2 

232.2 

1400.4 

BEGIN  LINE  15 

1172.5 

214,2 

1386.8 

T.P.  ID  15 

1182.8 

182.2 

1364.9 

1/2 

1191.9 

160.9 

1352.8 

16  TO  15  (0) 

1191.9 

115.6 

1307.5 

LINE  16 

1/2 

75.1 

.0 

75.1 

T.P.  TO  16 

75.1 

.0 

75.1 

BEGIN  LINE  16 

170.3 

.0 

170.3 

1/2 

314.2 

.0 

314.2 

MILE  1 

464.1 

.0 

464.1 

1/4 

564.6 

67.8 

632.4 

3/8 

614.4 

97,6 

712.1 

2/4 

641.1 

5.9 

647.0 

3/4 

614.4 

.0 

614.4 
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MILE  2 

731. 4 

.0 

731.4 

1/4 

86b.7 

8.8 

875.5 

3/3 

893. 4 

53.9 

952.3 

2/4 

893. 4 

5.9 

899.2 

3/4 

902.  * 

.0 

902.1 

MILE  3 

98b.  1 

23.5 

1008.6 

1/8 

98b. 1 

23.5 

1008. b 

1/4 

99b.  2 

.0 

996.2 

2/4 

102a.7 

.0 

1028.7 

3/4 

1116.3 

.0 

1116.3 

MILE  4 

1186.1 

.0 

1156.1 

1/3 

1174.0 

.0 

1174.0 

2/3 

1188.6 

5b .  0 

1244.6 

END  LINE  16 

1187.2 

12b. 1 

1313.3 

LINE  17 


END  LINE  17 

212.° 

.0 

212.0 

MILE  5 

449.0 

.0 

449.0 

1/4 

511. 7 

82.7 

594,4 

2/4 

539.3 

108.1 

647.4 

3/4 

523. 4 

.0 

523.4 

mile  4 

50b.4 

.0 

505.4 

1/4 

632.0 

.0 

632.0 

2/4 

810.0 

.0 

810.0 

3/4 

914.2 

5.9 

920.0 

7/8 

920.0 

58.9 

978.9 

MILE  3 

914.2 

.0 

914.2 

1/4 

893. 4 

.0 

893.4 

2/4 

946. 7 

.0 

946.7 

3/4 

1022. 8 

.0 

1022.8 

MILE  2 

1073.2 

.0 

1073.2 

1/4 

1171.1 

.0 

1171.1 

2/4 

1200. 7 

53.0 

1253.7 

3/4 

1212. 4 

97.6 

1310.0 

MILE  1 

1230.2 

112.6 

1342.9 

1/4 

1245.2 

106.6 

1351.8 

2/4 

1252.5 

84.2 

1336.7 

3/4 

125b.9 

94.6 

1351.5 

BEGIN  LINE  17 

1265. 7 

112.6 

1378.3 

1/2 

126b.7 

124.6 

1390.3 
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LINE  18 


19  TO  18  (0) 

.0 

90.2 

1/4 

81.4 

.0 

til.  4 

2/4 

9b.  0 

.0 

96.0 

3/4 

94. 6 

.0 

94.6 

T.P.  TO  18 

99.0 

.0 

99.0 

BEGIN  LINE  18 

21L.4 

.0 

21b. 4 

1/2 

400.0 

.0 

400.0 

NILE  1 

55d.  ? 

.0 

558.7 

1/4 

614.4 

67.8 

682.3 

2/4 

573.4 

.0 

573.4 

3/4 

60b.9 

.0 

605.9 

MILE  2 

701. 8 

60,4 

762.2 

1/4 

792. 5 

23.5 

815.9 

2/4 

881.3 

38.2 

919.5 

3/4 

912.4 

7o.8 

983.2 

MILE  3 

908.0 

.0 

908.0 

1/4 

890.4 

.0 

890.4 

2/4 

967. 6 

.0 

967.6 

3/4 

1067.4 

.0 

1067.4 

MILE  4 

-  1156.1 

.0 

1156.1 

1/4 

1191.9 

.0 

1191.9 

2/4 

1227.3 

.0 

1227.3 

5/8 

1245.2 

14.7 

1259.9 

3/4 

1252.5 

11,7 

1264.2 

MILE  5 

1227.3 

.0 

1227,3 

1/3 

1227.3 

.0 

1227.3 

2/3 

1245,2 

.0 

1245.2 

END  LINE  18 

1259. 8 

23.5 

1283.3 

LINE  19 

BEGIN  LINE  19 

207.6 

.0 

207.6 

MILS  4 

394.1 

.0 

394.1 

1/4 

520.5 

.0 

520.5 

2/4 

605. 9 

17,6 

623.5 

5/8 

623.2 

50t0 

673.3 

3/4 

623.2 

.0 

623.2 

MILE  3 

681.0 

.0 

681.0 

1/4 

762.9 

.0 

762.9 

2/4 

835.2 

10.3 

845.5 

3/4 

869.5 

26.4 

896.0 

MIU2  2 

896.3 

23.5 

919.7 

1/4 

943.8 

23.5 

967.3 

3/8 

954.0 

24.9 

979.0 

2/4 

957.0 

.0 

957.0 

3/4 

976.3 

.0 

976.3 
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MILK  1 

1010. H 

.0 

1010.8 

1/4 

looa.o 

.0 

1002.0 

2/4 

1025.7 

.0 

1025.7 

3/4 

1052. 4 

.0 

1052.4 

DID  LINE  19 

1099. 9 

.0 

1099.9 

1/2  tip;  5 

1120.7 

14.7 

1135.3 

19  TO  20  (0) 

109b.9 

.0 

1096.9 

1/2 

1040.7 

.0 

1040.7 

T.P.  TO  20 

999.1 

.0 

999.1 

tM 
\ — ! 

9 

k: 

o 

j 

1/2 

93.1 

.0 

93.1 

T.P.  TO  20 

122.7 

.0 

122.7 

BEGIN  TjINI'J  20 

191.1 

.0 

191.1 

1/3 

299.5 

.0 

299.5 

2/3 

395.6 

.0 

395.6 

mile  l 

529.2 

.0 

529.2 

1/4 

623. 2 

88.7 

711.9 

2/4 

632.° 

.0 

632.0 

3/4 

713.9 

.0 

713.9 

MILE  2 

801.2 

.0 

801.2 

1/4 

894.6 

.0 

894.8 

2/4 

949.6 

32.3 

982.0 

3/4 

97o .  ^ 

61.9 

1030.2 

MILE  3 

983.6 

35.3 

1018.9 

1/4 

940.9 

.0 

940.9 

2/4 

940.9 

.0 

940.9 

3/4 

957.° 

.0 

957.0 

MILE  4 

949.6 

.0 

949.6 

1/2 

94b. 7 

.0 

946.7 

END  LINE  20 

954.° 

.0 

954.0 

LINE  21 

BEGIN  LINE  21 

91. 6 

.0 

91.6 

1/2 

161.5 

.0 

161.5 

MILE  4 

336.6 

.0 

336.6 

1/4 

477.2 

.0 

477.2 

2/4 

605. 9 

.0 

605.9 

3/4 

721.2 

5.9 

727.0 

7/8 

718.3 

14,7 

732.9 
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MILE  3 

752.3 

.0 

752.3 

1/4 

622.1 

.0 

822.1 

2/4 

912. 4 

.0 

912.4 

3/4 

946.7 

41.2 

987.9 

MILE  2 

962.2 

106.6 

1088.8 

1/4 

986.0 

91.7 

1079.7 

2/4 

925. 9 

.0 

925.9 

3/4 

914.2 

.0 

914.2 

MILL  1 

914.2 

.0 

914.2 

1/4 

937. 6 

.0 

937.6 

2/4 

92b. 9 

.0 

925.9 

3/4 

939. 4 

.0 

939  •  4 

END  LINE  21 

949.& 

11.7 

961.4 

21  TO  22  (0) 

958. 4 

32.3 

990.7 

1/2 

949.6 

33.8 

983.4 

T.P.  TO  22 

937.6 

.0 

937 . 6 

LINE  22 

23  TO  22  (0) 

97.5 

.0 

97.5 

1/2 

90.2 

.0 

90.2 

T.P.  TO  22 

201.3 

.0 

201.3 

BEGIN  LINE  22 

276.5 

.0 

278.5 

1/2 

391.2 

.0 

391.2 

MILE  1 

56b. 0 

.0 

566 . 0 

1/4 

697. 4 

.0 

697.4 

2/4 

801.2 

.0 

801.2 

3/4 

840,0 

79.7 

919.7 

MILE  2 

887.5 

76.7 

964.2 

1/4 

923.0 

70.8 

993.8 

2/4 

927,3 

111.1 

1038.5 

3/4 

937,6 

191,3 

1128.9 

MILE  3 

946.7 

160.9 

1107.6 

1/4 

957.0 

44.1 

1001.1 

2/4 

961.3 

.0 

961.3 

3/4 

973. 4 

,0 

973.4 

MILE  4 

958. 4 

.0 

958.4 

1/2 

957.0 

.0 

957.0 

EL©  LINE  22 

934.7 

.0 

934.7 
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LINE  23 


END  LINE  23 

101.9 

.0 

101.9 

1/2 

116.9 

.0 

116.9 

MILE  4.5 

219.3 

.0 

219.3 

1/3 

303.9 

.0 

303.9 

2/3 

363.9 

.0 

383.9 

MILE  4 

496,1 

.0 

490.1 

1/4 

61b. 9 

.0 

615.9 

2/4 

697.4 

.0 

697.4 

3/4 

739.1 

.0 

739.1 

MILE  3 

816.2 

.0 

816.2 

1/4 

851.7 

.0 

851.7 

2/4 

884.2 

.0 

884.2 

3/4 

910.9 

.0 

910.9 

mile:  2 

925.9 

5b. 0 

981  .8 

1/4 

940  •  9 

140.0 

1089.6 

2/4 

964.6 

173.0 

1137.6 

3/4 

967.6 

185.2 

1152.8 

MILE  1 

973.*+ 

163.9 

1137.3 

1/4 

982.2 

73.8 

1055.9 

2/4 

982.2 

35.3 

1017.4 

3/4 

897.7 

.0 

897.7 

BEGIN  LINE  23 

882.8 

.0 

802.8 

23  TO  24  (0) 

072,5 

.0 

072.5 

1/3 

860,5 

.0 

860.5 

2/3 

851,7 

.0 

851.7 

T.P.  TO  24 

842.9 

.0 

842.9 

LINE  24 


25  TO  24  (0) 

335.1 

.0 

335.1 

1/3 

315.7 

.0 

315.7 

2/3 

283.4 

.0 

283.4 

T.P.  TO  24 

261.0 

.0 

261.0 

BEGIN  LINE  24 

260.3 

.0 

268.3 

1/4 

357.1 

.0 

357.1 

2/4 

470.7 

.0 

478.7 

3/4 

532.2 

.0 

532.2 

mil:  l 

651.4 

.0 

651.4 

1/8 

756.7 

.0 

756.7 

1/4 

765.B 

.0 

765.8 

2/4 

819.1 

.0 

819.1 

3/4 

868.1 

58.9 

927.0 

MILE  2 

884.2 

5.9 

890.1 

1/4 

920.0 

.0 

920.0 

2/4 

957.0 

44.1 

1001.1 

3/4 

971.9 

118.6 

1090.6 
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.MILS  3 

982.2 

170.0 

1152.2 

1/4 

999.1 

97.6 

1096.7 

2/4 

967.6 

.0 

967.6 

3/4 

899.2 

.0 

899.2 

MILS  4 

87a.4 

.0 

878.4 

1/2 

860. 5 

.0 

860.5 

END  LINE  24 

845 « 8 

.0 

845.8 

LINE  25 


END  LINE  25 

300,9 

.0 

300.9 

1/2 

395.6 

.0 

395.6 

MILE  4 

588.*+ 

.0 

588.4 

1/4 

819.1 

.0 

819.1 

3/8 

890. 4 

.0 

890.4 

2/4 

845.8 

.0 

845.8 

3/4 

860.5 

.0 

860.5 

MILE  3 

920.0 

58.9 

978.9 

1/4 

928.8 

50.0 

978.8 

2/4 

958. 4 

35.3 

993.7 

3/4 

1002.0 

17.6 

1019.6 

MILE  2 

1022.8 

64.9 

1087.7 

1/4 

1022.8 

133.7 

1156.5 

2/4 

1027.2 

171.5 

1198.7 

3/4 

1030.1 

156.3 

1186.5 

MILE  1 

1022.8 

.0 

1022.8 

1/4 

897.7 

.0 

897.7 

2/4 

845.8 

.0 

845.8 

3/4 

840.0 

.0 

840.0 

BEGIN  LINE  25 

827. 9 

.0 

827.9 

25  TO  26  (0) 

830. 9 

.0 

830.9 

1/4 

857.5 

.0 

857.5 

2/4 

881.3 

.0 

881.3 

3/4 

923.0 

.0 

923.0 

T.P.  TO  26 

952.6 

.0 

952.6 
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LINE  2b 


BEGIN  LINE  26 

600.1 

.0 

600.1 

1/2 

649.9 

.0 

649.9 

MILE  1 

804.2 

.0 

604.2 

1/5 

946. 7 

.0 

946.7 

2/5 

1194.8 

.0 

1194.8 

3/5 

1015.5 

.0 

1015.5 

4/5 

952.6 

.0 

952.6 

7/8 

95a.  ^ 

64.9 

1023.3 

MILE  3 

946. 7 

47.1 

993.8 

1/4 

937.6 

.0 

937.6 

2/4 

937.6 

.0 

937.6 

3/4 

1002.0 

.0 

1002.0 

MILE  4 

1055.3 

85.7 

1141.0 

1/4 

105a.3 

112.6 

1170.9 

2/4 

1061,2 

66.7 

1149.9 

,3/4 

lOol.2 

50.0 

1111,2 

MILE  5 

1061.2 

14.7 

1075.6 

1/3 

1037.s 

.0 

1037.5 

2/3 

1002.0 

.0 

1002.0 

END  LINE  26 

973.** 

.0 

973.4 
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Appendix  B 

WATER  SOUND-VELOCITY  DATA 


Water-column  sound-velocity  corrections  (Fig.  51a-b)  were  made  for  the  reconnaissance- 
survey  profile  data,  using  a  composite  of  three  stations  along  the  east  side  of  the  island  for 
the  profiles  in  this  area  and  a  single  station  located  off  Sea  Cove  for  the  profiles  along  the 
west  side  (Fig.  5).  Depth  intervals  of  20  meters  were  programmed  into  the  computer  for 
this  correction.  Extrapolation  of  the  curves  was  made  for  depths  below  that  covered  by 
the  sound-velocity  survey. 
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FIG.  51a.  Water  Column  Sound-Velocity  Curves  Based  on  SVPT  Stations;  Composite  of  Three 
Stations  Along  East  Side  of  Island. 


Appendix  C 


DEPTH  AND  POSITION  DATA  FOR  CORES  AND  BOTTOM  SAMPLES 


No. 

Depth, 

m 

1 - 

Position 

Phi 

mean 

North 

West 

DSSP  Sample 

1 

1,134.0 

32°58.6' 

118°28.5' 

6.88 

5 

960.0 

33°00.7 

25.7 

6.63 

8 

252.0 

03.4 

34.9 

2.92 

9 

95.0 

32°48.2 

20.1 

8.10 

10 

1,198.0 

33°03.2 

28.3 

7.08 

11 

969.0 

00.4 

25.8 

4.73 

12 

1,077.0 

32°59.7 

25.4 

7.83 

16 

1,244.0 

33°06.4 

35.6 

7.05 

17 

247.0 

'34.2 

39.0 

4.06 

18 

1,218.0 

05.5 

33.5 

7.66 

30 

1,181.0 

32°51.5 

16.2 

6.29 

31 

223.0 

46.5 

22.5 

7.70 

32 

997.0 

49.8 

16.4 

4.26 

33 

613.0 

51.3 

21.4 

3.75 

34 

915.0 

52.6 

19.2 

3.10 

35 

1,134.0 

54,9 

22.2 

7.61 

36 

658.0 

53.8 

24.0 

1.89 

37 

860.0 

56.0 

26.6 

4.77 

38 

521.0 

58.4 

30.2 

8.35 

39 

219.0 

58.4 

31.0 

8.08 

40 

860.0 

33°01.3 

31.7 

3.64 

41 

302.0 

02.2 

33.2 

5.08 

42 

995.0 

32°58.5 

23.0 

5.96 

Gaal  1966  Sample  (Ref.  7) 


AHF8319 

1,227.8 

33°05.6' 

118°34.2' 

7.61 

AHF8320 

1,260.4 

32°55.5 

20.3 

7.81 

AHF8419 

728.0 

33°02.0 

23.5 

1.92 

AHF8420 

785.0 

02.2 

23.8 

2.19 

AHF8421 

530.2 

02.2 

31.7 

2.33 

AHF8689 

999.4 

32°50.8 

17.9 

3.97 

AHF8690 

781.5 

51.7 

22.0 

6.28 

AHF8691 

1,150.9 

58.7 

26.4 

1.82 

NOTS-6 

1,157.0 

33°05.5 

27.5 

7.14 

NOTS-7 

505.4 

02.4 

32.9 

7.02 

No. 

Depth, 

m 

Position 

Phi 

mean 

North 

West 

Gaal  1966  Sample  (Ref.  7) 

NOTS-8 

1,101.3 

32°57.7' 

118°28.4' 

6.16 

NOTS-9 

757.9 

51.0 

20.3 

4.47 

NOTS-15 

1,045.8 

55.6 

16.1 

4.26 

NCEL-4 

1,258.6 

56.2 

20.0 

7.83 

SCUBA  Sample 

8 

45 

32°54.2' 

117°32.7' 

9 

30 

54.7 

32.9 

10 

35 

54.2 

32.4 

0.14 

15 

40 

50.0 

29.6 

1.15 

33 

30 

59.6 

35.3 

0.69 

36 

20 

33°00.6 

35.9 

3.01 

39 

20 

01.2 

36.6 

0.44 

Snapper  Sample 

B4 

80 

32°55.5' 

117°33.9' 

3.07 

B8 

230 

55.1 

34.7 

3.92 

B12 

230 

54.8 

35.6 

-1.68 

D5 

130 

55.1 

33.8 

2.98 

D7 

250 

54.8 

34.3 

2.84 

DIO 

340 

54.6 

34.9 

F5 

70 

54.7 

33.6 

1.65 

F7 

140 

54.5 

34.1 

3.97 

F12 

355 

54.1 

35.1 

2.61 

H6 

105 

54.1 

33.7 

-0.51 

H10 

290 

53.8 

34.4 

1.71 

J4 

80 

54.1 

32.9 

2.05 

J9 

280 

53.6 

33.9 

-0.17 

J 1 2 

345 

53.3 

34.6 

2.87 

Mail  Pt. 

100 

52.5 

32.4 

3.61 

L13 

315 

50.4 

33.1 

0.97 

M6 

95 

50.9 

31.5 

2.88 

M10 

120 

50.5 

32.2 

... 

04 

70 

50.9 

30.8 

0.60 

08 

105 

50.4 

31.6 

3.45 

012 

275 

50.0 

32.4 

2.14 

Q6 

95 

50.3 

30.9 

3.11 

Q10 

120 

49.8 

31.8 

2.15 

Q13 

255 

49.4 

32.5 

1.50 

S4 

75 

50.1 

30.3 

-0.07 

S8 

105 

49.7 

31.1 

2.71 

S12 

250 

49.3 

32.0 

2.87 

Dome 

125 

48.1 

31.4 

1.57 

Appendix  D 

METHODS  OF  SEDIMENT  ANALYSES 


The  analyses  of  the  top  increment  of  cores  taken  along  the  east  side  of  the  island  are 
from  Ref.  7  and  an  unpublished  report  by  the  United  States  Naval  Oceanographic  Office, 
San  Diego,  California.  Since  the  size  analyses  made  in  different  laboratories  are  not  entirely 
comparable,  the  results  from  these  cores  are  conservatively  (i.e. ,  broadly)  interpreted. 

The  grain-size  distribution  of  the  detailed-survey  samples  were  made  by  standard  labora¬ 
tory  techniques  in  the  sedimentology  laboratory  at  the  University  of  Southern  California. 
Hydrometer  analysis  was  used  for  the  silts  and  clays  (Ref.  50),  and  sieve  analysis  for  the 
coarse  fraction  (greater  than  62  microns).  Percentage  estimates  of  the  coarse-fraction  con¬ 
stituents  were  made  under  the  binocular  microscope. 
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